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L INTRODUCTION. 

Nri s.ilk is a silk grown in Assam for local use, the fibre being 
apiaf woven and worn by those who grow it. It is known as 
Endi ’ ’ and the woven cloth as ‘ ‘ Endi ’ ’ cloth. It is also exported 
to Europe for forming spun silk, with the waste silk left after reeling 
mulbeny, tasar and other “ reeled “ silks. The silk diSers from 
other silks in that it cannot be reeled, Ic., a single continuous thread 
cannot be obtained from one cocoon as is done in mulberry silk : 
the cocoon actually is not formed of a long continuous thread as in 
mulberry silk, but is spun by the worm in layers ; it differs also from 
these silk cocoons in that it is so made that the moth can push its 
way throiigli one end without softening or cutting the fibres, this end 
not being really closed but being so blocked with loops of silk that 
notliing can get in, but the moth, pushing from within, can force 
its way out. 

The silk has also this peculiarity that to get it the cocoons need 
not be steamed to kill the insect within, as must be done with mul- 
berry or tasar silk ; the moth may be allowed to mature inside the 
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{*,(>00011 and emerge ; tkia removes one of tho ohjC'c.iionK lo imillx'tTy 
Bilk, in that no life need be tak<m before tbe silk (’an lx* obinined. 

Eri Bilk will probably be extende,d to oilier parts of India wliicb 
have a suitable cliniate, not for cultivation, on, a largi* s(‘ai<^ so mueh ns 
on a small scale without special appliances or ‘nuildings ; the hlire can 
be spun as cotton is, the yarn can be woven (fuitc readily .and ilie silk 
cloth produced is the most durable cloth, Icnown in India, fai’ inoi’c 
so than cotton. It tabes dyes well tlie ordinary jdanixlyes of tlds 
country being more suited to sills than to (‘otton. 

It remains to be seen wlndlnu’ it will be jirofitnbk* to take ii up 
on a large scialc for sale in India, or Europe ; lie* sok', disadvaidagi* 
is tbe immense amount of spa,(;e r(Hjnir(‘d for rearing (In' vcoians, and 
we do not at privsent advise anyone to laJsa* it, up on a large scak* un- 
less the spinning and wiawing c<an a.lso lie takx'u up wit h it- and linislual 
clotb produced. Idnu’c is at. present a. dcunarid for eoi’oons, luit this 
might be met by its increased prodnct.ion on a small sca k* and a larg<‘ 
production of c,o{*,oous to la* sold as c,o(‘oons mighi. ned la* prolitidfle 
at ou(5(^ . " 

In tb(,‘se pages the methods found liest at !*iisa for c,tiit’iva1ion 
on a, small scale are describ(*d ; further informatiom and (*gjs or 
cocoons can be obtained on a,p])lication to Pnsa, ; if a large (juantil v 
of eggs is required t-o ('omnu'iu'i* <adtiva,tion, it- is lu'ia'ssary to give 
notice, as eggs cannot la* kept for more tbun tim days and ar(^, not 
always being laid. 

II. EBARINCk 

1. Insimclions . — The following are short inst ructions for rear- 
ing wliich give a general account of the procc'ss. Ikdlowing this a,r<' 
more detailed notes on rearing and a full a,ceoun) of tin* rearing at 
l^usa. 

The, insect exists in four sia,g<'s, tin* egg, worm, eh,rysa!is and 
moth. The moths lay eggs, whieb batcdi to worms which le(*d on 
castor leaves till they are full grown wben tb(*y spi]! co<’oons and froni 
these cocoons moths come out. The following are. instructions foi’ 
rearing. 
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Eggs a, re obtained and kept in any vessel to wliicli air can get ; 
we keep tlieni in a tray. In very diy liot Aveatlier, as when the West 
wind blows, cover the trays with a damp cloth, better still with a wet 
gunny (doth . In very cold weather, cover the tray similarly and place 
it thus covered in the sun during the day, always taking care that 
the covering cloth does not get dry ; at night no covering is necessary. 
The eggs are white ; when they turn grey, they are going to hatch. 
They must then be spi’ead out evenly and the smallest leaves of castor 
spread over them ; as the worms hatch, they crawl on to the leaves 
and these leaves can be lifted up and placed in the feeding tray. In 
hot wt'ather, eggs iiatch in seven days ; in cold weather, they may stay 
as long as 24 days. 

When the worms hatch, transfei: them to feeding trays ; feed on 
tile small leaves of castor twice a day. Very great care must be tak- 
en of young worms; they must not be mixed with older ones ; all 
that hatoli on the same day must be kept together. The leaves must 
not be chopped up but each should be torn into two or three pieces. 
In dry weather, the leaf dries and the worms should be given fresh 
leaves three or four times a day ; the trays may be covered with wet 
ciotli in order to prevent the leaves drying up soon. In very cold 
weather, keep the yoiingworms in the sun in the same way as eggs, 
covered with wet cloth. Worms must never be handled more than 
absolutely necessary, and that very gently; each day after they 
have been given fresh leaves, lift them on the leaves to a fresh tray 
and, when all are moved, clean the tray. 

After a few days the worms stop feeding and look sick ; 
they are now going to moult and must be left alone; as 
they finish moulting and become well, they become restless 
and want food. Some die at this moult. Continue feeding as 
Ixd’orci, only feeding also once at nightfall and giving bigger 
leaves ; in a few days they will again moult. Continue as 
before, and after the next moult (third) feed four times daily, once 
at night. In hot weather, feed oftener if the worms are restless 
or the leaf dries up. After the fourth moult, the worms are in the 
last stage and want feeding five or six times a day, once or twice 
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Jit niglit- 1:1: Mio. food m not o.nonjjjhj llioy will !'<',silo.sH juhI 

nn)V(‘, iiboiit. Never feed wornm that a, re. nouilting. Keeft wonon 
of one af^e; or Hir.c tojjfether and do not mix l.litau wiih riihern, The 
worm>s shoidd not bo kept overcrowded. Leaves must not- iu' <!usiy 
or wet ; the leaf given is to he without the. leafstalk. There ar<‘ twes 
kinds of worms, some are black-spotted and others are. without hla(*k 
spots. Of both kinds, in the advanced stages, some remain white, 
and others develop a green (‘-olour. When the full-grown womans stop 
feeding and move about, th(‘-y want, to s})in. Tlu'y do this b(dw(*eu 
9 and 12 o’clock in M»c morning a,nd one must be ready tlam to put 
tluMU away to spin. White worms tuni yellow when they are ready 
to spin ; another way of l-tdling if wormsare ri'ady 1os})in is to hold 
each in t-hc fingers nea-r t-he. c'ar a.nd pass ih<‘ lingers along the Ih'shv 
spines ; a worm r(>a.dy to Sf)in makes a. hollow sound, a. worm nut 
ready a dull sound. When tlu* worms get- ready for spiiming, they 
dt'posit a larger pua-ntity of t‘xe.remejit and then (unwl to the edgi^ 
of the tray ; eolleet tlunu tlie.n, wh<m t-hey are on the edge of th«5 t ray 
and plae(‘ them in .spimrmg haskids. The. basket s must; be vtnit Hated, 
t he best are ordinary fruit baskets, loo.sely woven. Put on th(‘ bot- 
tom of the basket a layer of cnimjded paper, or cdiips of dry stra-w 
or dry leaves ; on this })ut the worms ; the,n a-dd moi'e. material and 
put ill more worms. When the basket is full, put on the lid and sc^e 
that there is .no empty spai'e below it. Put a weight on t!u». lid or 
turn t-he basket over. About oOO worsns eu-n be. put iut:o a. basket 
li feet in diameter ; (lo not overcrowd t-be worms. After live days 
in hot weather, or eight days in e-old weather, pick out all the 
cocoons from the basket and spread out evenly on trays. The 
cocoons are white or brown. .By always taking eggs from moths 
from white cocoons, all the cocoons will <;ome whit(‘. : so keep 
the brown cocoons on one side and do not let- Iheii’ moths'' 
eggs be reared.. After the cocoons luun*. been spread out. fr<i{n 
ten days in summer to a miicli longer period up to fort-yilay.s 
or more in winter/moths come out. lad. them alum* for some 
hours, then go rouiicl with an empty fja.sket | t,hc‘ spiriniug baslod- 
serves the purpose] and put them on the .sides, inside, dhe 




’ICKING OUT COGOOXS. 




LjBi’]ao1ir'*AND GHOSit. 


feinales (wliicli have large bodies) and the niales (wliich have small 
bodies) are to be placed side by side. They will git on the sides 
of the basket ; cover the baskets. The next day pick out all the 
iinpairing moths f rom the basket and leave the pairing couples alone 
till the day after ; then pick out all the females by separating them 
from the males if they are still coupling and put them in a separate 
basket ; the males may be thrown away. The females will lay eggs 
there ; scrape off the eggs by means of a blunt knife or stick and keep 
them for hatching ; the best eggs are laid the first night, usually about 
eighty l)y (jach female on the average ; so if these are sufficient, do not 
rear tli(‘, lat<‘r <‘ggs ; l)ut if many eggs are required, keep those laid on 
the li rst three niglits. The moths do not fiy away and want no food. 

A moth will lay 200 eggs as a rule ; so that if you start with 100 eggs 
jiml i‘(‘a.r these, you should get 90 moths, of which perhaps forty will 
lay eggs, laying in all some 8,000 eggs ; these moths will lay some 
600,000 eggs, lie careful not to I'car more eggs than you can feed. 

Use of Cocoons . — After the moths have all come out, pick over»' 
tlie cocoons and get off any straw, etc. Then boil them in water ; 
use about 2| gallons of water (a little more than half of a kerosine 
tin or about 10 litres), half of a seer (Ifh) of cocoons and 2 
cdiittacjks (4 ok.) of wa,shing soda. It is best to first soalc the 
cocoons in wa,ter for 18 hours ; then wash, them well in enough 
wa,t6r by squeezing them with tlie hands until all the dirt is 
1 ‘emovcd ; boil the soda in fresh water {2l gallons) and tie up the 
cocoons in a cloth and drop this bundle into the boiling water 
and soda and keep the bundle submerged in the boiling water by 
placing a brick or any lieavy thing. Boil for three-quarters of an 
hour. Then lift the bundle out and keep the liquid left for dyeing if 
any dyeing is l)eing done. Wash the whole bundle without untying 
it in enough water until no longer any dirty water comes out of the 
(iocoons. Now squeeze the water out of the bundle. These cocoons 
can then be dyed or be spun direct. If the spinning is done with 
the spindle (takii) or the Continuous Spinning Machine, use wet 
cocoons. If, however, the country spinning wheel (charka) is used, 
dry the cocoons thoroughly and spin from the dry cocoons. Dry 
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(‘ocroons (*-an, lx? (airdcd out and Mjuiii like, wool ; bui. il. is i)«'Mor lo 
spill diiXM*.!; from, coooon.s. A soar of coc-oons givt'S lo U) 12 rhii (;t<-ks 
of ilii.*(',ad, ixj., -J — J of tlio cooooiis form tJirtxul. 

I'lie following arc some gcuci’al pi,‘in(‘i}d(‘S 

(1) . Try to liavc always going, some young worms, (^Id 

worms and coco<,)ns, i,e.., do not have all Ihe worms Uic 
same age, or at one time you will have a lot of work, !a1<'r 
you will have very little. 

(2) . The same peopli' who rear should do boiling and spin- 

ning sous to havt‘ work always. 

(li), dhy to get fri'sh eggs evmy y<'ar and ('xrluinge eggs. 
(4). In the hot vv<‘at!i(‘r wlum the <li'v winds })l<)w. k<’<'p out 
dust, k<‘ej> the [ilaee eool and moist , and feeil often and 
little ; <1(> not give large (juant it ies of leaf which dries np, 
(o). IJavti th(‘(-astor as m‘ar tf) the ri'aring house as {mssilde, 
((>), .Rear only small broods in A])ril. May, large ones in d une, 
rhdy, August , Si'ptember, Oetobm- and on til! heliruary, 

(7) . 1 1 th(‘rt‘. is a <*hoiee, rea.r from t he la rgest and best t'oeoons. 

(8) . b'oeoons gt‘t small in the dry hot v. eatlnu’ : tliat does not 

uudTei’ : rear fi’om the bi'st. 

(0). (lood cocoons weigh 2, otlO to lht> seer after the moth 
. has (‘nuMged, small ones U.otH) 1i» 1,000. 

(10^ Hevtaity- live. sem'S of leaf feed Hulliment worms to 
yield a seer of eoe.oons. 

Th(i following are the instructions given fo tlie r(‘ar(‘rs in tlie 
silkworm house - 

. 1 . Two priu<‘ipal things : 

(.1). To feiHl with thrriu'S hsaves avaiialde. 

(2), To keep the worms as tdean us jmssihlf. fie<< from ref- 
use aiul exerenieiits. To see that timv are no in enso 
()verero\V(.led. 

11. To weigh: 

(а) tlio leav(‘s Hupplieo ; 

(б) the leaves thrown out by tin* worms, y.r., wastagi; ; 

{c) the escorcmcjits thrown out. 



PliATB lY, 




liEFllOy AND GilOSIf. 


1 


ill. Not to liaiidie the worms too much. 

IV. To see that tJie worms do not drop down on the ground ; 
if they do, they are to he instantly picked up and placed on the feed- 
ing baskets. 

V. if any die, the dead ones should be at once taken out and 
put into the fire. 

VI. To count how many die every day. 

VI I . Always to pay attention while cleaning first to those trays 
in which the worms seem to be most uncleanly or overcrowded. 

Vil I. Not to let the worms spin in the feeding trays, if any 
cocoons a]:(^ spun in the ti.’ays, they are to be taken out when seen. 

J X. To keep tlie cocoons clean. 

X. 'J'o take a turn round the whole house every half hour, 
ket'[)ing the. (.ye watchful to find out ; 

(1) if any worms liave dropped down ; 

(2) if any have gone dowii the baskets ; 

(;t) if any have died ; 

(■1) if a,ny a, re straying about ; 

(5) if any wa,iit to spin ; 

(<)) whether leaves are to be supplied to any tray. 

XI. As rats destroy coeooUvS and worms at nigh t, the cocoons 
arc always to be kept iji closed, tight baskiTs into which rats cannot 
(.'nte,r. it cannot be helped for the worms, as they are to be fed in 
o[)en trays. 

2. TJw Hearing House and Applimwes . — ^The rearing house at 
Pusa (Plate IV) is constructed of baniboos and thatching grass, in 
t.he usual wa,y, ^vdth a row of sissu trunks in the centre as posts since 
tile width, of the building is considerable. Tire construction of the 
sidcvs allows of am])le ventilation. The upper portions of the side 
walls arij so made that they can be lifted up or shut down as 
desired. Idic.tu* urc no s[)ecial features iibout the house and a 
r<'aring house re([uircs only to be so built as to contain tin; greatest 
})ossil)le amount of space for trays. The nature of the house and, 
its arra,ng<‘m(‘nt v'a.ry according to locality and climate ; too much 
ve,ntilation in a cold climate, which lets the temperature fall below 
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55'' b.'itl ; Hon-lf^o in «lrv liul- wra.l Ium- ; for uiauv plarrs 

huh! vvH,llH\i.!ui .-t iiintrh or iilo roof an* In-st. Mti,! uaiKnl 
ihaichod lioilKcH luivo this advatita^o that tliav ao' roo! m 
sunuilor ;m«! warm in wintar. Tho ijiiaslion ftaprutk uiatuly on 
local c.omlitums au<l no ^'cnc.rai ivconuiicialutions oan i.c luaihn 
li; is iniportant to kw.p the, lloor of tia* Intust* as ('Isaan :nal Itvc from 
(hist aspossihhs cs])ccia.lly in vit‘.w of disease* With att oarih Ihnu' 
siH'h as we. liaAON tanislant wetting is ta-oessarv to ke«*jMhnvn dust, 
andthisladps to keep t,he house <‘ool and iuoisi in hot \vi>ailn*r. For 
tiu' sanie reason if any ehoiee (-an he nanha nairin^ Inaises should 
i)e. as far rt‘mosa*d from <lusty plaei's tn- roaiis as posslhle. 


h> the ivarini^ housi* at Fusa a fraumwork of split hamhoo is 
huilt up in Mie niiddln a nd at eat'h sulr* as diustratcal (hig* 1)-. 
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it is 27 inches high and has a shelf 15 inehes helnw. A douhF mw 
of trays can be acccmimodated. 
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When the rearing of Eri silk worms is taken up as a small 
subsidiary industry by a cultivator, he need not build any special 
rearing house. He can use a corner of any available house and in 
order to accommodate the trays in the smallest possible space, 
a machan of the kind shown in Eig. 2 can be built. This 
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machan is formed by fixing two pairs of upright posts in the 
ground and tying crossbars horizontally. The pairs of parallel 
crossbars at the same level form shelves. When no rearing is 
done, the machan can be easily dismantled and kept aside. 



llcaring a.p])li,aB.ces include trays and baskets only. We 
in the beginning the small closc-mesh trays (Fig* 3) for 
and yoLUig worms. As the 
worms grew larger, open-mesh 
trays were used (Fig. 4); these 
had a raised bottom so that 
iiiiicii of the excreta dropped 
down and they remained more 
or less cdemi. Occasionally the 
tray shown in (fig. 5 was 
used when the worms were 

ahoiit to spin; it is an ordinary open-mesh tray with an extra 
space all round wldch is tilled with st;i;aw or waste pnper 
any spinning medium, and as each worm becomes full-grown, 
it crawls in and spins without requiring separate attention. 
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new feature ; it is placed at an angle and the cocoons spread 
out ; the moths as they emerge crawl up to the lower side of 
the cross partition, where they hang till the wings expand. Ihey 
also void their excrement on the tray, not on the cocoons and 
the pierced cocoons are cleaner. 

We now use only trays with completely closed meshes, either 
square or oblong and of a size which is easy to handle. These are 
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really small mats with their edges turned up (Fig. 8). These trays can 
be very conveniently used for making the worms spin cocoons with 
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the spinning medium, straw, dry leaves, etc,, spread on them. For 
rearing therefore are necessary, a number of these trays which can 
be used both for feeding the worms and making them spin cocoons, 
a few small trays (Fig, 3), for eggs and a few covered baskets (Fig. 4), 
for taking eggs from moths. The eggs can be kept on feeding trays 
and the small trays can be dispensed with ; but the latter are con- 
venient when eggs are to be covered with wet cloth in the hot season. 

The trays canbemadeof any cheap material available in any lo- 
cality. We use bamboo. In the United Provinces a weed locally known 
as sirld is very plentiful, and trays, etc., are made of this and sold very 
cheap. A little modification in the make so as to iiave the sides not 
so high as usually made, would fit them admirably for silkworms. 
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For rearing on a large scalej the use of trays is unnecessary and 
costh^ ; they are used only for the eggs to hatch and for the young 
worms. A few of the small I'ound trays may be used and a few larger* 
rectangular trays. For the wmrms after the first moult, plain pieces 
of mat are used and the worms can be handled easily, kept well spaced 
out and readily cleaned and fed. So also for spinning, the enormous 
mass of baskets required on a large scale and the great amount of 
material is difficult to maintain ; it is best to let the worms spin in 
a deep layer of dry mango leaves spread out on a machan or floor, 
mango leaves being the best material yet found on account of the 
shape of the dry leaf ofikuing convenient cavities for the worms. 

Coupling. 

1. Experiments to determine the best period of coupling and 
the number of eggs laid : — 

(1). Moth emerged 16th November was kept separate and not 
fertilised. 

She laid eggs as follows:— 

C) eggs on night, of lOtli Nov^enilxn-. 


12 „ 

„ 20th 


12 „ 

„ „ „ 21st 


27 „ 

„ „ 22iul 

„ 

43 „ 

„ ,, „ 23r(l 

„ 

.'53 „ 

„ „ „ 24th 


35 „ 

„ ,, „ 25th 


45 „ 

„ „ „ 20th 


40 

„ „ 27tli 



She died on 3rd December. 

The eggs did not hatch. 

(2). Moth emerged 8 a.m., 14th November. 

Coupled 1 hour, between 9 & 10 a.m., loth November. 
She laid eggs as follows : — 

r> eggs on night of ISth Novemlier. 

H „ „ „ „ Kith 
n> „ „ „ 17th 

Carried over 30 
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Brouglit. forward 30 

2i eggs on night of ISfch November. 

17 „ „ „ „ 19th 

30 „ „ „ „ 20th 

33 „ „ „ ,, 21st 

73 „ „ „ 22ncl 

TotaTj 204 

Only 8 eggs became, grey, none liatclied. 

(3) . Motli emerged 8 a.m., 14tli Novembei-. 

Coupled 9- — 11 a.m., IStli November, i.e., for 2 hour.s. 

She laid eggs as follows : — 

S laid on night of 1.5th November. ,5 tiirned fvrev. 

0 r. ,, 10th 

S, „ ,, „ „ 17th 

20 „ IStli 

48 lOtli 

75 ,, „ „ „ 20th. 

Tot.m. 108 

None hatched. She died 21st November. 

(4) . Moth emerged 8 a.m., 14th November. 

Coupled 9 — 12 a.m., 15th November, i.e., for 3 hours. 

She laid eggs as follows : — 

3 eggs laid on night of 15th November. 

13 „ „ „ „ » 16th 

’ 29 „ „ „ „ „ 17t.h 

21 „ „ „ „ ,, 18th „ 

41 „ „ „ „ ,, 19th 

17 „ 20tli 

Total 124 

Of these only 4 turned grey. None hatched. She died 21st 
November. 

(5) . Moth emerged 8 a.m., 14th November. 

Moth coupled 9 a.m. to 3 p.m. 15th November, ie., for 



6 hours. 
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Eggs laid as follows :• 


No. 

Date. 

Weight per 100. 

Hatched. Number not hatched. 

6.5 

15th Nov. 

2*84 grains. 

30-11 

38 

16th Nov. 

2-76 „ 

30-11 

27 

17bh Nov. 

2-64 „ 

23-12 

20 

18th Nov. 

2*50 „ 

5-12 2 

19 

19th Nov. 

2-40 „ 

6-12 3 

11 

20th Nov. 

2*40 

7-12 1 

26 

21st Nov. 

2*00 „ 

8-12 6 

7 

22nd Nov. 

2-00 

.. 6 ■ V 
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Moth died, 29th November. 

(6). Moth emerged 8 a.m., 14th November. 

Moth coupled 3 p.m. of 15-XI to 7 a.m, of 16-XL 
Eggs laid 


1 

16th November. 

6 

17th 

,, 6 turned grey. 

14 

18th 

» 4 „ 

19 

19th 

19 „ 

34 

20th 

34 „ 

29 

21st 

„ 29 „ 

28 

22nd 

28 „ 

32 

23rd 

„ 32 „ 

27 

24th 

• • 7 „ „ 

3 

26th 

none „ „ 
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She died, 29-XI. None hatched. 

(7). Moth emerged noon of 13th November. 

Moth coupled 6 p.m. of 13-XI to 6 p.m. of 14-XL 
73 eggs laid on night of 14-XI, which weighed 3-4 grains per 
100, and hatched 28 and 29-XI. 

Was coupling on morning of 15-XI. 9 eggs laid night of 

15- XI, which weighed 2*9 grains per 100, and hatched on 29-XI, 

Was coupling on morning of 16-XI. 141 eggs laid night of 

16- XI, weighing 2*9 grains per 100, hatched on l-XII. 

Was coupling on morning of 17 -XI and was separated at 9 a.m., 
98 eggs laid night of 17-XI, weighing 2*72 grains per 100, which 
hatched on 2n(l — 4th December, 
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21 eggs laid niglit of 18-XI, weighing 2-5 grains per 100, hatched 

011 5 “XII. 

19 eggs laid niglit of 19-XI, weighing 2*4 grains per 100, hatched 
7~XIL 

9 eggs laid night of 20-XI, weighing 2*3 grains per 100, hatched 
on 7-XII. 

7 eggs laid night of 21 -XI, hatched on 9-XII. 

One egg laid, 22-XI, hatched on 9-XlI. 

Total, 378 eggs. Moth died, 23-XI. 

Ill the following three cases, copulation ran its full course, the 
pairs being isolated but not separated : 

(8). Emerged, 25th March. 

Coupled night of 25th March to morning of 27th March. 
235 eggs laid night of 27th March. 

Were coupling on morning of 28th March. 

Ceased coupling and laid 101 eggs, night of 28th March. 

49 eggs laid night of 29th March, and the male died. 

20 eggs laid night of 30th March. 

10 eggs laid night of 31st March. 

Female died, 1st April. 

415 eggs laid, which hatched. 

(9). Emerged, 25th March. 

Commenced coupling night of 25th March. 

27 eggs laid night of 26th March. 

The couple separated on 27th March. 

15 eggs laid during day of 27 th March. 

14 eggs laid during night of 27th March. 

Coupled again, 28th March. 

17 eggs laid night of 28th March. 

Ceased to pair, morning of 30th March. 

Male died, 30th March. 

5 eggs laid night of 31st March. 

Female died, 1st April. 

188 eggs laid, which hatched. 
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(10). Emerged, 25tli March. 

Coupled, 25tli March. 

25 eggs laid night of 27th March, 

Were still found coupling morning of 28th March, 

Ceased to pair and laid 247 eggs, night of 28th March, 

59 eggs laid night of 29th March. 

Male died night of 29th March. 

17 eggs laid night of 30th March. 

6 eggs laid night of 31st March. 

Female died, 1st April. 

Total, 354 eggs laid. 

In the above cases, the number of eggs varies from 124 to 415 ; 
the coupling should occupy 24 hours to be elfective and the best eggs 
are laid on the first night, after separation ; eggs are laid in spite of 
continued coupling. Unless separated, coupling continues for about 
72 hours, and males in some cases died coupling. Pairs isolated and 
separated after 30 hours coupling, coupled again and the eggs laid 
hatched. The best practice is to allow coupling for 24 hours, and, 
unless a large increase is recpiired, to keep for hatching only the eggs 
of the first night’s laying. On 6th November, 250 female moths 
that emerged were allowed to couple and were separated on 8th 
November; they laid 21,800 eggs that night, giving an average of a 
little over 80 eggs each for the first night’s laying, wliicli, the above 
tables show to he heavy eggs. 

4. The Eggs. 

Moths lay eggs wherever they are sitting, in a cluster 
which may contain as much as 100 or more ; each egg is coated with 
gum which dries, fastening the eggs firmly together and as the 
moth moves little, the eggs are often built up as a little curved wall 
behind her, projecting out at right angles to the surface she is rest- 
ing on. The eggs are white, but the gum gives them a yellow look ; 
they are oval in outline, and with a very tough smooth shell. In 
moist warm weather they hatch in seven to nine days ; exposed 
to the dry heat of the west winds in March, they required some days 
more, eleven to twelve days in all. Moisture is a necessity for prompt 
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liatcliing, possibly because of tlie amount absorbed in the develop” 
nient of the embryo l^efore it can emerge. 

Eggs should never be kept in ah-tight vessels or boxes. In 
Assam, eggs are kept tied in a piece of cloth and hanging from eaves, 
etc. Sometimes water is sprinkled on the eggs ; dipping in water 
does them no harm — 1% solution of blue-stone (Copper Sulphate) is 
salutary. We have even used 1% solution of blue-stone without any 
injury. Eggs are put in a piece of cloth which is dipped in the solu- 
tion until the eggs are thoroughly wet. The water is then jerked 
out as much as possible and the eggs spread to dry in the shade. In 
summer, the rains and in early winter, the eggs do not require any 
special moist surroundings. In very cold weather they keep well 
and hatch uniformly if kept in a moist and at the same time warm 
condition. This is brought about by covering the tray in which they 
are kept with a wet cloth and placing the tray thus covered in the 
sun, always taking care that the cloth does not get dry. When the 
dry west winds blow, they are to be put in slightly moist 
surroundings. They keep well if they are kept covered with a 
moist cloth. If the eggs are kept in a castor leaf or any other 
big fresh leaf and the leaf itself tied in a piece of cloth and 
kept in a cool place, the eggs keep well ; the leaf has to be changed 
when dry. Moist leaf is favourable to the worm in all its stages. 

The best method of taking eggs from the moths is in covered 
baskets (Fig. 6). For this purpose the baskets in which the worms 
are made to spin cocoons may be very conveniently used. As the 
moths emerge they are picked out and placed inside the basket ; 
they are made to hang on the sides and never placed on the bottom. 
Female moths will hardly stir from the place where they are put. 
Males flutter about at nightfall. A male and a female are put to- 
gether almost touching each other or the male may be made to hang 
on the body of the female. The moths are to be put in this way 
before it is evening, hlext morning most of the pairs will be found 
to be couphng. The single unpairing moths are now removed from 
the basket. Twenty-four hours copulation is enough for the fertilisa- 
tion of the eggs. Practically we have found the following method to 


be very good :~Motlis which couple to-night arc allowed to mate lor 
to-nigiit, to-morroAV day and night, the day after to-morrow till about 
2 or 3 p.M. , when the males are forcibly separated and thrown awa,y, the 
females are kept in a clean basket and lay eggs at night ; on this night 
on an average each female will lay about 80 eggs. If a large number 
of females is available, it is better to take only the eggs of the first 
night and then reject the females. At any I'ate, if more females are 
not available, eggs of only the first three nights should be taken and 
the females rejected. (The eggs of subsccpient nights ])ceome gradu- 
ally smaller and weigh less.) Some couples will i)e found to liave 
separated after 24 hours' copulation and the females to have laid eggs. 
(Paired this evening and separated and laid eggs to-mori'ow niglit.) 
These eggs should be taken as they are quite healtliy and fertile. 
Other methods of taking eggs, e.g., by tying the moths to reeds, etc., 
are unsatisfactory. 

Eggs turn grey before hatching. Eggs laid on the same niglit 
should be kept together and separately from those of other days. 
Eggs of the same day will turn grey at the same time ; if ainong them 
any eggs are found not to have turned grey they should be picked out 
and rejected, usually they fail to hatch, and if they hatch at all, the 
worms lag behind and usually die. 

Eggs laid on the same day hatch ahiiost at the same time. If 
any eggs of the same lot fail to hatch within two days of first hatching 
of the batch, they should be rejected as not quite healthy. 

Eggs lose in weight as they approach maturity : 

100 eggs laid 17 September (night), 

Weijt^hedon 18-9 . 2‘65 grains, 

» „ 21-9 2-56 ' „ 

„ 2;?-9 2‘4;} „ 

» 25-9 2-3o „ (Hafcohecl). 

98 newly hatched worms weighed 1 -80 grains. 

0 . DekSCeiption of the Stages of the Worm, . 

• First btage . — ^Length about 5 m.m. The body is cylindrical 
with distinct segments. The head is black, shiny. There is a black 
prothoracic shield. The general colour of body, when just hatched, 
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is pale yellow ; in the course of a clay a sliglitly greenisli tinge is 
(levelopod, ; but the colour becomes deeper yellow later on. 

From mesotliorax to 7tli abdominal segment, each segment lias ■ 
gut five pairs of black spots, all the spots making up 5 rows (of black 
spots on the back), viz,, 1 median, 2 submedian and 2 lateral or spir- 
acular ; with the spiracle where present a segment shows 3 black spots 
along this row, the posterior of them being oval and elongated. On 
the pro thorax, the region of the median and sub median spots is occu- 
pied by the shield ; also the spiracular spots are not distinct. In 
the posterior segments the spots are not so distinct. 

From prothorax to the 7th abdominal segment, each segment 
has got six small fleshy tubercular spines, mounted with a varying 
number of hairs (hairs varying from 2 in some to 9 in others). These 
fleshy spines are arranged in longitudinal rows which alternate with 
those of the black spots. (3n each of the three thoracic segments 
there is a fourth smaller spine on each side just above the leg. On 
the prothorax the four upper spines- are on the shield. On the 8th 
abdominal segment there are only five such fleshy spines, one in a 
line with the middorsal row of black spots and two on each side. 
On the 9th abdominal segment, there are only four such spines alter- 
nating in position with those on the preceding segment. When hatch- 
ed from the egg, these spines are yellow with the hairs whitish ; but 
in the course of about 12 hours, the spines as well as the hairs on them 
become black, when the larva looks much black-spotted. 

The anal shield is black and prominent and has got two very 
small similar spines on it. The prolegs are all developed ; the four 
pairs of abdominal ones are yellow with the tips blackish ; the bases 
of the anal prolegs are black on the outside. 

In later stages these fleshy spines become very big and promin- 
ent, while the hairs on them become less in number and very short. 

From the second stage onwards the black spots are retained 
in some larvui ; while in others they altogether disappear in the 
second stage : in a few, a few of the black spots may be present very 
faintly till the third stage and then disappear. The tW'O kinds of 
iarv 80 are very distinct in the advanced stages, viz., black-spotted 
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ones and unspotted ones. The presence or absence of black spots 
is not indicative of sex ; both kinds may turn into either male or 
female moths. The ofepring of either has been seen to be spotted 
and unspotted mixed. If only unspotted ones are bred, the majority 
tend to be unspotted. On the other hand, if spotted ones are bred, the 
majority tend to be spotted. From the very beginning the majority 
of the worms in all the broods were unspotted, the spotted ones being 
not more than ten per cent.; in some cases they were much less. Some 
spotted worms were made to spin separately ; from these both females 
and males emerged ; of the worms from the eggs of these moths 
more than 50 per cent, (but not all) were black-spotted. In other 
baskets of worms from eggs of moths of spotted and unspotted worms 
kept mixed together as ordinarily done, the percentage of black- 
spotted worms was 2 to 10. In this way it is possible to eliminate 
either spotted or unspotted worms wholly. The presence or ab- 
sence of the black spots in the worms in the later stages seems to be 
an accident as in the early stage all the wmrms possess these spots. 

Second stage. — ^Ijength about 12—15 m.m. Head black, shiny. 
The prothoracic shield, is now reduced to two black markings at the 
posterior part of the prothorax, one being on each side of the median 
line and both elongated transversely. The four upper fleshy spines 
on the prothorax are placed on its anterior part and thus apart from 
the reduced shield. The general colour is yellow, but not so deep as 
ill the first stage. All the fleshy spines on the body have become 
yellow, but their tips remain black. The black anal shield has got 
a pair of distinct spines mounted with hairs. 

In some the black spots have disappeared; in a few a faint row 
of median faint sjiots is present. In the others which have retained 
the black spots, the spots on the posterior segments have become 
very distinct, tlie median spine on the eighth abdominal segment 
has got one spot anteriorly and 2 spots posteriorly to itself ; also on 
the posterior part of the 9th abdominal segment there have been 
developed three big black patches alternating in position with the 
spines on the segment and joined to one another. (These patches 
are not present on the unspotted worms.) 
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Just, after tlie first moult, the head is pale yellowish-white, the 
body and legs are pale yellow ; in the case of unspotted worms only 
the spiracles are black ; over and above these, black spots are present 
in the case of the spotted ones with the blackpatches on the posterior 
part of the 9th abdominal segment. 

Third stage. — ^Jiist after the second moult, the head is yellow- 
ish white as also the legs and spines ; the general colour is pale yellow. 
As after every moult, the black spots are present in the case of the 
spotted worms. In the course of about 24 hours the colour changes 
to white and the head becomes black. 

In this stage the worms are about 18 — 21 m.m. long. The head is 
black. The cervical shield is now further reduced to two faint black 
markings on the posterior part of the prothorax. The thoracic legs 
are black as also the small spines just above the thoracic legs : in 
some the tips of the lateral spines are black. The spines are thick 
and knoblike at the top. The anal shield is no longer black but 
slightly greenish white. The black patches on the posterior 
part of the 9th abdominal .segment (in the case of the spotted 
worms) are now detached into three divStinct patches, the middle 
one being somewhat of the shape of a dumb-bell. 

Fourth stage. — -The length is about 40 m.m. The head is very 
slightly greenish yellow or yellow ; there is a somewhat big black 
patch near the posterior margin of each lobe : a blackish patch is 
present on each cheek containing the ocelli. There is no trace of 
the prothoracic shield. Thoracic legs are yellow. The colour is 
white and covered with, a white powdery substance or bloom. 

Fifth stage.— In this stage the larvee eat enormously and so grow 
very quickly. The well-fed full-grown larva? are about 95 to 1 00 m.m. 
long. The abdominal part is about 15 m.m. thick. The general 
shape is cylindrical and tapers prominently forward tbe thoracic 
segments with the head may be kept contracted, so the larva may not 
always look so tapering. The head is yellow with the blackish patch 
on each cheek containing the ocelli. Of the three black patches 
on the posterior part of the 9th abdominal segment of the black- 
spotted worms, the two on the two sides have almost disappeared 
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or linger as faint black markings, tke diimb-bell-skaped middle one 
is also reduced and makes a figure of 8 (in some the lower circle is 
about half cut like 8). 

The general colour is white. Some become beautifully green. 
Those which remain white turn yellow before spinning. In those 
which have got an excess of the white powdery substance, the yellow 
colour is not so prominent. The green- worms develop beautiful 
pink spots on the tips of the fleshy spines on the body. 

The worms in the different stages can be easily distinguished 
by the following characteristics : — 

First stage. Blackhead. 

Undivided big prothoracic shield. 

Mlow body. 

Second stage, Black head. 

Divided prothoracic shield. 

Yellow body. 

Third stage„ Black head. 

White body. 

Tt'ourth stage. Yellow head with the black patches on the pos- 
terior margin of each side. 

(Also in the case of spotted worms the detached 
dumb-bell-shaped black spot on the posterior 
part of the 9th abdominal segment.) 

Fifth stage. Yellow head without the black patches on the 
posterior margin of the lobes. 

Later on in the stage the big body tapering 
anteriorly. 

(In the case of the spotted worms 8- or shaped 

black markings on the posterior part of the 
9th abdominal segment.) 

{). Lire or the Woem. 

Resinous Secretion. — The worms secrete a white resinous sub- 
stance which covers the entire surface of the body in the form of a 
white powder such as is found covering the stems and leaves of many 
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varieties of castor. Worms wliicli are fed with great care show an 
excess of this substance. Again, worms which are allowed to feed at 
will on living plants secrete a still larger quantity. Therefore, the 
secretion of this substance is indicative of health and vigour in the 
worm. 

Process of Moiilting. -~Tlie larva ceases to eat for some time 
and rests almost motionless for 1 to 3 days according to temperature, 
ilt this time it does not like any disturbance. During the period of 
rest the head gets somewhat detached, showing a sort of a neck 
behind. The whole period of the rest seems to be spent in extricat- 
ing the head from the head-moiilt and then the skin soon glides 
off behind. The head-moult remains attached to the skin at the 
throat and is cast off with the skin. The cast skins are never 
eaten. 

Life-cycles.— The following table gives the dates and durations 
of broods at different seasons of the year : they vary from 37 to 85 
days normally, but with the spell of cold which comes once usually 
in each cold weather, the duration of one brood may go up to 100 
days and over. 



Eggs laid. 

Eggis hatched. 

Worms spun. 

Moths out. 

Periods. 

Total. 

1 

11-1-190S 

4-11 

lO-III 

31-in 

24-35-21 

80 

2 

20- [-1903 

13-11 

17-111 

4-1 V 

24-33-19 

76 

:i 

2-111-1908 

l.'.-ll! 

7-lV 

24-IV 

13-23-17 

53 

4 

31-111-1907 

8 IV 

26-1 V 

14- V 

8-18-18 

44 

5 

9-V-1907 

17-V 

.5- VI 

22-VI 

8-19-17 

44 

(i 

24-Vr-i907 

1-VlI 

17- VII 

2-VIII 

7-16-16 

39 

7 

29- VM- 190 7 

6-VII 

22- VII 

(i-VIO 

7-16-15 

38 

s 

l-Vll-1907 

9-VIl 

27-vn 

14-VlII 

S-lS-17 

43 

» 

4-V1I1-1907 

iQ-vni 

2fi-Vlir 

10-IX 

6-10-15 

37 

10 

19- VI [[-1907 

20- VII 1 

10- IX 

26-IX 

' 7-15-16 

38 

11 

22- IX- 1907 

29-IX 

! . 15-X 

30-X 

7-10-15 

' 38 

12 

20- IX- 1907 

3-X 

26-X 

16.XI 

7-23-21 

1 01 

13 

9-X1-1907 

20- XI 

! '8-1 

28-11 

J 1-49-51 1 

111 

14 

24- X- 1907 

2-Xl 

1 27-XI 

■ 24-1 

8-25-54 

87 

15 

3-VriM908 

lO-VllI 

26-Vni 

10-IX 

7-10-15 

38 

.10 

7-Virt-190S 

14-vni 

30- VIII 

14-IX 

7-10-15 1 

38 

17 ■ 

, 8-virr-i908 

15-vin 

i-IX 

1()-1X 

7-17-1.5 ! 

39 

JS 

i i3-vnr-i908 

2I-V11I 

4- IX 

21-IX 

8-14-17 1 

1 39 

19 

13-1X.-1908 

21 -IX 

0-X 

25-X 

8-15-19 1 

42 

20 

27-X-1908 

(3-XI 

r 12 -xii 

1 23-Xri 

16-1 

4- II 

10-30-35 i 
1 10-47-43 1 

1 81 
i 100 

21 

U-XM908 

26- XI 

17-1 

24-11 

12-52-38 1 

102 
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Egg.s laitl. 

Eggs hatched. 

IVorms siJun. 

Moths out. 

Periods. 

Total. 

.)■> 

20-1-1900 


19-III 

8-1 V 

20-38-20 

78 

2:) 

1-IIT-inO!) 

12-III 

I2-IV 

2S-IV 

11-31-16 

58 

2i 

:.}-V-.l909 

10-V 

2S-V 

12-VI 

7-lS-la 

40 


M-VI- 1909 

22-VI 

10-VII 

25-VII 

8-18-15 ! 

38 

2(i 

27- VI 1-1909 

2- VIII 

17-vnr 

2-IX 

7-17-15 

39 

27 

19-Vli-19()9 

2.5-VII 

10- VIII 

25-VIII 

6-16-15 

37 

2S 

2:i.vrr-i909 

29-VlI 

IS-VIII 

28-vni 

6-15-16 

37 

2!) 

n-rx-1910 

12-fX 

30- IX 

10-X 

7-18-20 

45 

20 

21-X-1910 

1-XI 

27-XI 

19-1 

10-26-53 

89 


When the eggs turn grey, it is an indication that they are going 
to hatch within a day or two. At this time they should be fairly 
spread, so that they are not heaped and one layer of tender leaves 
of castor spread on them. Each leaf may be torn into 2 or 3 pieces, 
so that the leaves may almost touch the eggs on which they are 
placed. Soon after hatching, the worms will crawl up to the 
underside of the leaves. The leaves are now' transferred to a separ- 
ate tray and turned up so that the worms are above. Fresh 
leaves are placed on the eggs for other worms to crawl up which 
can be similarly transferred. The transferred worms are now fed 
with pieces of fresh tender leaves spread on them. It is unwise 
to chop the leaves into small pieces, as in that case they dry soon, 
Ipecially in dry seasons. It is better to take entire leaves in the 
hand and supply by tearing them into small pieces. When the 
season is not dry, it i.s eiicugh it leaves are supplied twice daily to 
the young worms. In dry seasons care is to be taken to see how 
soon the leaves are dryhig and fre-sli food is to be sup];)] led accord- 
ingiy., so that the worms may not starve, as they never eat dry leaves. 
Much greater care has to be bestowed on the W'orms when they are 
young than when they .are grown. Cleaning of the baskets is done 
by transferring the worms to a separate tray. When the worms are 
grown, this can be done easily by placing fresh leaves on the worms 
which will soon crawl up to the leaves and can be ti'ansferred with 
the leaves. In this way all the wnnms in a tray can be transferred 
without handling them roughly'. When yoiiiig, they do not come 
up to the fresh leaves so soon and cling to the old leaves ; these old 
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leaves are therefore to be transferred carefully with the worm 
which can then be fed. 

If the season is not unfavourable and the leaves do not get 
dry, genera liy the number of times the worms are to be fed are the 
following ; — First stages — twdce. 

Second and third stage — three times (once at night). 

Fourth stage — four times (once at night). 

Fifth stage — five times (or if possible six times) (once at 
night or if possible twice at night). 

These, hown-ver, are not hard and fast rules. The number of 
times the food has to be supplied will depend much on the quantity 
sup])lied each time. When the worms are in the process of moult- 
ing, they do not require any food at all, and it is better to leave them 
quite undisturbed. Food need not be supplied to the worms just 
after they have emerged from a moult. It is better to leave them 
without any food for about six hours till they are well out of the 
sickness. They will themselves signify their hunger hy crawling 
about in search of food. 

AVorms of different ages should never he kept together ; some 
go into moult wdiile others feed and are active ; those in moult 
therefore are not left at ease. Besides, as the worms grow, their 
activity increases ; the bigger ones therefore cause a great deal of 
inconvenience to the younger ones. This is very harmful especially 
in the later stages ; when young, the worms are usually in the habit 
of feeding from the underside of the leaves supplied ; the big worms 
are more active and show a tendency to get upon the leaves and 
choke the young ones which may be kept witb them ; in such cases 
it has been seen that the mortality among the younger ones is very 
high. Of the worms which hatch on the same clay, some grow 
more quickly than the others and it is better to separate them if 
possible. 

In rearing the worms the less crowded and the more clean they 
are kept, the better. Young worms require tender leaves ; older 
leaves are to be supplied as they grow old. The leaves should not 
be covered with dust and as far as possible shocdd not be w^et. 


Til Marcb, April, May, wlien west winds blow and cover all leaves 
in tlie field with dust, yre have to wash the leaves before supplyiiig 
them to the worms. Usually high temperatures prevail aliout 
this time and it does not matter if the leaves supplied arc not com- 
pletely and perfectly dry. In the wet season the leaves should be 
as far as possible not -wet. But if the choice lies betiveen only par- 
tially wet leaves and leaves which have dried up and lost much of 
the natural moisture, the former should be preferred. 

When full-grown and about to spin cocoons, the wmrms which 
are white turn yellow ; the green ones remain green. It is easy to 
determine whether any worm is ready for spinning ; hold the worm 
with your finger near your ear and pass the fingers lightly over the 
fleshy spines ; if the worm is ready for spinning, a hollow sound will 
be clearly perceptible ; if not, the sound will be dull and sohd. In 
the worms which turn yellow, the yellow colour is a sufficient indi- 
cation that they are ready for spinning. With the green ones the 
sound has to he tested. Expert hands can detect a softer feel and 
a lighter weight in those ready for spinning, but this distinction is 
very fine. It would be very difficult if the sound test bad to 
be applied to every individual worm, especially when a large 
number lias to be pi<flced for spinning. There is a. definite time 
every day when the worms seek to spin ; this is between fi .irid 12 in 
the morning the largest miinber come up at about 10-30 or 11 a.m. 
Borne worms spin in the feeding baskets at night ; but their number 
is small and they are mostly those which ripen late, and are left in 
the baskets. 

When t}u3 worms get ready for spinning, Ibey cease feeding 
and pass a large quantity of excrement a part of wbicli is semi- 
solid and the rest yellow-coloured liquid ; at this time they sit with 
the thoracic segments contracted and raised upward with the 
head ; and they present a sickly appearance. After a while, they 
become active and roam about in search of a place for spinning 
and come up to the edge of the tray. The best time to pick up tlie 
worms for spinning is when they have thus come up to the edge oi' 
the tray. If they are picked before this, they may soil the spin- 
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ning materials by their liquid excreta. Besides, when spinning 
has commenced in a brood, almost all the worms which between 
9 A.M. to 12 noon thus leave their food and come up to the edges 
of the baskets and walk about, can be taken to be such as want to 
spin ; among them the number of unripe worms will be very small- 
less than 1 per cent. The ripe worms require a hidden corner to 
form cocoons or any material in which they can hide themselves 
and find a space for the cocoon, e.//., crumpled paper, pine shavings, 
dry straw, dry leaves, etc. It is best to supply a material which can 
afford tolerably big interspaces. A. layer of this material is placed 
at the bottom of the basket and a number of worms dropped in ; 
then another layer of the material with more worms is put in ; in 
this way the whole basket is filled up and covered. About 500 
worms can be very conveniently made to spin in a basket about 
1| ft. ill diameter and about I;} to lift, in depth. The worms 
have got a tendency to come upwards, and care should always be 
taken to see that no empty space is left below the lid ; the basket 
should be fully filled with the material ; otherwise many worms 
will collect in this empty space and cover the whole under- surface 
of the lid with silk without using it in the cocoons ; a sort of a 
netted cloth is then produced and also many double cocoons are 
formed. After filling the basket, a weight has to be put on the lid 
so that no worms may get out, or the basket may be turned upside 
down. 

Something has already been said about how the worms can 
be made to spin. If baskets are used, they should be of the kind of 
those used for packing fresh fruits (litchi baskets), so that air may 
pass through all the sides ; also the best spinning medium is that 
which affords interspaces all through. In the process of spinning, 
the worms evolve heat, which must be let out, or it chokes and 
kills the worms and causes them to rot within a few days. Also 
the worms spin well, pupate successfully and the pupae keep well, 
if ventilation can be kept up through the interspaces of the spin- 
ning medium and the sides of the basket, and if free breathing is 
not interfered with. Some worms were put in a packing case for 


spinning: and its lid was removed, tlie moutli being kept covered 
with a cloth ; about three-fourths of the worms died without 
spinning r. of the rest, those only were good which were a t the toj). 
Tithe spinning basket is a very big one, although its sides may 
allow passage of air, care should be taken that the worms in the 
interior are not overpressecl and that proper inter-spaces are left 
in the interior, otherwise the worms there may not spin properly 
and may die for want of proper breathing. The worms finish 
spinning in about three days and rest inside the cocoons before 
turning into pupse for about one to three days according to 
temperature. The cocoons can be picked out from the spin- 
ning niediutn. after five days in summer and eight days in winter. 
The baskets can then be used for a fresh lot of worms. 

Usually two kinds of cocoons are prepared by the worms, 
viz., white and red-hrown. The colour of the worms, or the pres- 
ence or absence of spots in them, has nothing to do with the colour 
of the cocoon. The green as well as the white worms or the spotted 
as well as the unspotted worms may form either white or red- 
brown cocoons. Tt has been observed that worms reared from 
eggs of moths from white cocoons may form both white and red 
cocoons, also both red and white cocoons are formed by worms from 
eggs of moths from red cocoons If, however, only the moths 
from white cocoons are bred, the red cocoons will gradually dis- 
appear and vice versa. In tliis way, either the white or the red- 
brown cocoons can be wholly eliminated. Complete elimination 
can be effected so soon as in the third or fourth generation. It has 
been suggested that worms spinning in darkness form white cocoons. 
But it has been definitely proved by making the worms spin in glass 
dishes in the glare of the sun and also in darkness, that the pres- 
ence or absence of light is not at all a determining factor in the 
colour of cocoons. The colour of the red-brown cocoons is not 
permanent ; it disappears wlien the cocoons are boiled with ashes 
or soda, hut the yarn from them is not so white as that from the 
white cocoons. Earely pink cocoons are formed and also cocoons 
with a slightly greenish tinge; but when the moths :l:rom these 



EXPLANATION OF PLATE VIII. 


Fig. 1. Eggs as laid in cluster-s. 

„ 2. A single egg, highly magnified. 

,, 3. A pierced cocoon. 

>s j» i> the dos.s removed. 
,, 5. Cocoon, white variety, 

6. „ yellow ,, 

M 7- ,, pink ,, 

„ SJ. Cocoon cut, open longitudinally. 


PLATE Vllf. 
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were bred, the cocoons formed were almost all white. In one case 
at least it was seen that the pink cocoon was formed by an iinbealthy 
worm. The colour of the food also has nothing to do with the 
colour of the cocoons ; some worms were fed specially on only red 
castor leaves but they formed white cocoons. 

The rearing at Pusa commenced with seven pairs of moths 
from cocoons obtained in Kamrup, Assam. The cocoons reared 
from these in all the generations were all white. Later on, on two 
occasions we imported eggs and seed cocoons from Gaiihati and 
other places. On both occasions there was a sprinkling of red- 
brown cocoons. As we did not breed from these red cocoons, they 
disappeared soon and we obtained only white cocoons. Recently 
some experiments have been undertaken in crossing Eri silk moths, 
Attacus ricini, Boisd., with Attaciis cyntliia, Drury, which is 
considered by some as the wild original form of Attacus ricini. 
(The results of this experiment will be published in a future 
publication.) 

The crosses have produced both white and red-brown cocoons. 
In Assam the rearers generally get both brown and white cocoons. 
This may probably be due to the fact that they often expose the 
female moths in such a way that they have a chance of being fer- 
tilised by A. cyntliia which is said to occur wild in some parts of 
Assam. 

There are other methods of allowing the worms to form 
cocoons which are sometimes as efficacious as the above. One is 
the use of the Cliandrahi or Spinning Frame of Bengal (Fig. 9) 
used in mulberry silk. We have tried it, and in damp weather 
it is successful but takes up much space. In dry hot weather it is 
unsuitable. Another method is to suspend cloth over horizontal 
bamboos, so that long folds hang down and to let the worms crawl 
into the folds to spin. Very clean cocoons can be got in this way 
and they are readily detached from the cloth ; also very little silk 


is wasted in tlie cradle or cocoon-foundation. The method requires 
less space, saves packing material and baskets and is useful when 
rearing is being done on any large scale. 

The following tables give the weights in grains of food, larva, 
etc., for three individual worms : the first figure is the weight of 


food given ; the second is the weight of the same amount of food 
kept for the same time, as a guide to the loss from evaporation ; 
the third is the weight of the larva ; the fourth is the food left ; 
the fifth is the excrement. Were there no evaporation, etc., then 
the increase of the weight of the larva should equal the difference 
between the weight of food after evaporation (column 3), and the 
combined weight of food left (column 5) and the excrement (column 
6). In all cases the eggs were laid on SO-III, hatched 7-IV, the 
weight of 100 eggs being 3 grains and of 100 larvae about 2 
grains. 


(A.) 



Food given 
in grains. 

Weight of equal quan- 




Date. 

tity of food kept for 
same time in 

Weight of larva 
in grains. 

Food left in 
grains. 

Excrement 
in grains. 



grains. 




10-IV 

4 

31 

1 

2-3 

•06 

n-iv 

moult. 





12-IV 

5 

4-3 

•36 

3-9 

12 

13-IV 

5 

3-5 

•7 

2-9 

•17 

14-IV 1 
moult ! 

.5 

4-5 

■8 

41 

•18 

15-IV 

5 

4-4 

1-6 

3 

•3 

16-IV 

10 

8 '9 

3*5 

5-3 

1-3 

17-IV 1 
moult ) 

15 

141 

3*9 

12'2 

•8 

1S-1.V 

15 

13-7 

6*5 

i 8-6 

1-S 

19-IV 

20 

18-6 

i 14-75 

5*7 

3-if 

20-1? 

30 

27-8 

1 24-2 

8-2 

8-a 

21-IV I 
•moult f 

30 

26 

23 ‘8 

21-4 

1‘5 

22-IV 

50 

47 

41 

17-7 

10 

23-IV 

50 

47 

62-6 

6 '5 

18-8 

24-IV 

100 

94-5 

94-2 

10-6 

481 

25-1 V 

120 

114 

1201 

29-5 

54-5 

26-IV 

90 

83 

126 

23-8 

66 -1 


Then it spun up. 

Weight of pupa-cocoon 13 days after spinning 47*4 grains. 
Male emerged 15th May. 

Weight of pierced cocoon 8 '2 grains. 

„ dried larval esuviura ‘2 „ 

„ pupal „ "9 „ 

„ cocoon Tl „ 



Weight of equal quan- 
tity of food kept for 
same time in 
grains. 


Excrement 
in grains. 


Food left in 
grains. 


Weight of larva 
in grains. 


Food given in 
grains. 


10- [V 

11- IV 
12.IV 

13- IV 

14- IV I 
moult 1 
i;j-IV 
16.IV 

17- IV ( 
moult i 

18- IV 
iiWV 

20- IV 

21- IV , 
moult I 
22.IV 
23-IV 
24.IV 
25-IV 
26.IV 


20-8 

32-9 

56-2 

85-5 

100-4 

91-6 


Spun on the 27th, 

Male emerged 14th May. 

Weight of cocoon and pupa 13 days after spinning 
„ „ „ pierced 

„ „ dried larval exuvium 

„ » » pupal „ 

„ „ cocoon only 

„ „ Floss 

„ „ Shell 


Date. 

Food given 
in grains. 

Weight of equal quan- 
tity of food kept for 
same time in 
grains. 

Weight of larva 
in grains. 

Food left inj 
grains, i 

i 

Excrement 
in grains. 

10.1 V 
ll-IV 

4 

moult. 

3-1 

•I 

2-4 

*06 

12.IV 

5 

4-3 

•32 

3-6 

•10 

13-IV 

o' 

3-5 

•65 

3-2 

•2 

14-IV 

0 

4-5 

•7 

4-4 

■15 

15-IV 

5 

4-4 

1-35 

3-4 

■3 

16.IV 

10 

8-9 

3-1 

6-1 

•8 

17.IV 

15 

14-1 

3*3 

11-8 

i -7 

18-IV 

15 

13-7 

61 

8-8 

! 1-2 

19-IV 

20 

18-6 

12-5 

7 

i 3-9 

20-IV 

30 

27-8 

20 

13*2 

5-8 

21-IV 

moult 

30 

26 

19-5 

24 

. 1-3 

22-IV 

.50 

47 

,32*3^ 

24-3 

[ ■ 8-6 

23-IV 

50 

47 

52-2 

5*8 

1 19-8 

24-IV 

100 

94-5 

84-6 

14-5 

; 39-3 

25.IV 

120 

114 

98*3 

37*6 

59-6 

26.IV 

90 

83 

101 

26 

59-8 ^ ■■ 
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Spun on 27tli. 

Male emerged 14tli May. 

Weight of cocoon and chrysalis 13 days after spinning 38’S 


„ „ pierced 6 

,, Larval exnvium *2 

„ Pupal „ *5) 

„ cocoon only 4*9 

„ Floss 2 

„ Shell 2*9 


These figures illustrate (dearly the daily growth of the larva, 
till it commences to spin : it attains a weight of over 100 grains, 
then spins and there is a loss of sixty grains at once; probably 
mainly moisture from the skin but also from the silk and from 
exuvium at moulting. Actually only five grains of dried silk 
compose the cocoon. The total food fed was 554 grains, of which 
196*2 was rejected and 200 grains of excrement were obtained. 
Actually in this case (No. 81, of about 550 grains of leaf fed, about 
200 is waste, 200 is excrement ; this has an importance in consider- 
ing the manurial requirements of the castor crop, since if 110 maiinds 
of leaf were picked per acre, 40 maunds of leaf and 40 maunds of 
excrement would be available per acre to go back. For further 
details, see the tables below for larger quantities of worms. 

Kecords were kept very carefully for four worms and are as 
follows : — 


Food supplied in grains. 

Food consumed in grains. 

Excrement in grains. 

(1) 

. . -645 

348*7 

215*93 

(2) 

645 

379*8 

241*33 

(•J) 

645 

297*8 

198*31 

(4) 

645 

319*2 

201*61 


Total . . 2,580 

1,345*5 

j 857*18 


Average for 1 worm 645. 336 214 

li'or 10,000 worms, 115 mds. 7 srs. 60 mds. 38 mds. 8 srs. ' 

In the above the weight of excrements shows the weight when 
the excrements were not dry. 


EBI SILK. 


Below are given actual figures for several broods ; the food 
supplied was weighed fresh; the wasted leaves and excrements 
were weighed when they were dry or nearly dry : — 


(1). Lcave.s supplied 

11 mds. 

„ wasted . ^ 

1 nid. 39 sr.s. 

Excrement 

2 mds. 27 srs. 

Pierced cocoons .scoured 

.5| srs. 

Approximate number of cocoons 

13“27S. 

(2V Leaves supplied .. 

19 mds. 

„ wasted 

:i 14 srs. 

Excrement . . . . 

3 „ 36| „ 

Cocoons secured 

9.1 .sr.s. 

Approximate number of cocooim and 
of worms which .spun these cocoons 

25,000. 

{:!). Leaves .supplied . . 

49| mds. 

„ wasted . . 

5 „ 30 SI’S. 

Excrement . • • • 

12 „ 

Cocoons secured . . • • 

19 seers. 

Approximate number of cocooii.s 

76,000. 

Eggs kept by weight about 

120,000. 

{In this brood the mortality was very 
high at the time of spinning). 

77.| seens. 

(4). Leaves supplied . . 

„ wasted 

16^ „ 

Excrement . . 

12^- ,. 

Cocoons got about 

1 seer. 

Number of the cocoons , . 

2,418. 

Eggs kept by weight abtnit 

5,550. 

(5). Lea VC.S supplied 

25 mds. 23.1 srs. 

wastetl ■ . • ■ 

5. » 81 „ 

Cocoons . . . • 

74 seers. 

A large amount of leaves had to be 
supplied as they W('re drying quickly 
on account of the West winds. 

(6). Lea ves supplied 

9 mds. 31 .sr,s. 

„ wa,sted 

2 „ 16 „ 

Cocoons 

5|- seers. 

Appproximate number of the cocoons 

14,503. 


Twenty-five cocoons (pierced) taken at random weigh as 
follows : “ 

1 weighs 8 ‘0 grains. 

I 7-7 „ 

1 „ 7-6 „ 

weigh 7*2 „ 

1 weighs 6*8 „ 

1 6*7 „ 

2 weigh 6*6 

2 „ 6*5 „ ■ . 
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4 weigh 6‘4 grains. 
2 „ C -3 „ 

2 „ ()-2 „ 


Average 6*5 or 1,077 to the lb. 

The last was composed of : 
Pupa case 1*3 

Larval skin "2 

Cocoon 3*7 

(Ploss *85) 

(Shell 2*851 


Twenty-five unpierced cocoons, dead and dried, weighed as 
follows: — 

19-1, 18'7, 18-0, 17-9, 17-7, 17-.5, 10*9, l()-9, 15-4, 15-3, 14-3, 14*0, 13*7, 13'7, 13'3. 13-3, IST, 
12*8, 12-3, 12-3, 11-8, 11-6, 11-2, 10*8, lOM. 

Average 14*4, or about 487 to the lb. 

The heaviest was composed as follows:— 


The lightest : 


above ; others are : 


Pupa 

12*41 

Larval skin 

•3 - 19*1 

Cocoon 

6*4) 

(F1qs.s 

2*15) 

(Shell 

4*25) 

Pupa 

5-6) 

Larval skin 

*3 - 10*1 

Cocoon 

4*2) 

(Floss 

1*2) 

(Shell 

3*01 

of live unpierced cocoons 

Pupa 

39*9 1 

Larval skin 

*25 - 45*4 

Cocoon 

5*25 1 

(Floss 

1*5) 

(Shell 

3*7) 

Pupa 

30*8 j 

Larval skin 

•oh 36*3 

Cocoon 

5oj 


Below are given some more figures showing the percentage of 
larval and pupal exuvia in the pierced cocoons. 


Weight of pierced (joeoon. 

Weight of silk obtained from same before 
boiling (i.c., excluding the oniply pupa 
case and the last larval moult). 

6-2 grs. 

5*1 grs. 

6 

5 

8-2 

7*1 „ 

C’8 

.5*8 „ 

6 „ 

4*9 „ 

r)-2 „ 

3*7 

7‘1> » 

6*4 ., 

5-4 „ 

4*2 

51-3 „ 

42*2 .. 


j 


A lot of 100 cocoons weighing 041 grains contained 540 grs. of silk. 


Therefore on an average the weight of the empty pupa cases 
and the last larval moults (which remain inside the pierced cocoons) 
is about 16 per cent, of the weight of the pierced cocoons. The 
same percentage is observed when larger numbers of cocoons are 
taken. 

The following table gives figures for six worms of which the 
sex was noted : 


No. 

Maximum weight of larva. 

Sex of Moth. 

Weight of silk only. 

1 

84 

Female 

5*0 

2 

72 

.. 

5*3 

3 

88 


5*1 

4 

77 

•• 

5*5 

5 

95 

Male i 

5*3 

6 

72 

i 

i 

4*3 


History op the Pusa Broods. 

The following account of broods gives the periods at different 
seasons, as well as other important facts : — 

First Brood. — 25th March 1907, seven couples of moths 
hatched from cocoons obtained in Kamrup, Assam. They laid 
about 2,000 eggs (by weight) between the 27th and 31st March. 
These eggs hatched between the 4th and 10th of April, the worms 
spun cocoons between the 20th and 28th April and moths emerged 
again from the 7th to 15th April. One moth laid 415 eggs, another 
188, another 354 ; the average for well-fed healthy moths is about 
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300. Four individual worms of this brood were recorded separ- 
ately : 


Eggs laid 

.. 31 III. 

31-111. 

31-111. 

31-111. 

,, hatched .. 

8*IV. 

8-lV. 

8-lV. 

8-IV. 

Cocoon formed 

.. 26-iV. 

26IV. 

20-1 V. 

26-IV. 

Moth emerged . . 

. . Ifi-V. 

14-V. 

14-V. 

14 V. 


45 days. 

44 days. 

44 days. 

44 days. 

tSecond Brood. 





Egg,s laid 

.. 9-V 

to 15- V. 



,, hatched 

. . 17.V 

to 22- V. 



Cocoons formed . , 

. . 5- VI to 17- VI. 



Moths emerged . . 

. . 22- VI to 27-VI. 





44 days. 




In this brood the cocoons were small, 4,000 to the seer, owing 
to the difficulty of getting food which had to be carted live miles 
and which was not fed fresh to the worms, owing to the time taken 
in carting and to its not being procurable as wanted. About 40,000 
cocoons were obtained. 

Third Brood. 

Eggs laid 
,, hatched 
Cocoons formed 
Moths emerged 

38 days. 


24- VI to 1-VlI. 

1- VII to 9-vn. 
17-VII to 27- VII. 

2- VIII to 14- VIII. 


In this brood, 13,278 cocoons were obtained, but about 700 
moths failed to emerge from the cocoons (a sign of weakness) and 
rats ate or cut about 950. Nearly 500 worms died before spinning, 
mostly when cj^uite young. The cocoons were larger, the worms 
being fed from a plot of castor nearer at hand and about 2,500 
went to the seer. About lOf maunds of leaf were fed to this brood, 
thus making about 83 maunds of leaf to 100,000 worms which would 
produce a maund of pierced cocoons. For this brood, details are 
given of the daily food supplied, as a guide to the amount required , 
which of course increases as the worms increase in size. 


n-VII Leaves .. 
10- VII Leaves .. 
Wastage 


. . 3 seers. 14 chittacks. 

. . 5 seers. 14 „ 

11 » 


iSEI SILK. 


Exercmcnt 5 chittaclts 


ll-VII Leaves .. 

12 seers. 


Wastage 


12 

Excrement 


10 

12- VII Leaves . . 

11 ,. 

6 

\V''a stage 

1 „ 

2 

Excrement 

1 

2 

13-VII Leaves .. 

11 ., 

8 

W'astage . . 

1 


Exmernent . . 

1 , 

6 

1 4- Vfl Leaves .. 

17 

10 

Wastage 

■ 1 ■ 

4 

Excrement 

1 

2 

15-Vri Lea,ves . . 

22 .. 


Wastage 


6 

Excrement 

1 

8 

16- VI I Leaves 

41 ,. 

13 

IVastage 

0 

(i 

Excrement 

d » 


17- VI I Leaves .. 

41 ., 

10 

Wastage 

d 

10 

Excrement 

12 


Spinning commenced (500 Spun). 


18- VII Leaves .. 

39 ., 

10 

Wastage 

3 ., 

8 

Excrement 

7 

8 

Spinning continued (776 Spun) 



19-VJI Leaves .. . . 

25 „ 

10 

Excrement and 



Wastage 

20 „ 

8 

Spinning continued ( 1,090 Spun). 


20- VII Leaves . . 

44 

4 

Wastage . . 

7 

10 

Excrement .. 

9 „ 

6 

Dead 12. 



21-VII Leaves .. 

31 

14 

IVastage 

5 „ 

10 

Excrement 

13 „ 

2 

Spinningcontinued (1,500 spun). 


Dead 80. 



22- VI I Leaves .. 

36 

5 

W'astage , . 

iO „ 

4 

Mxcreincnt 

16 „ 

12 

Spinning continued (1 ,444 Spun). 


Dead 107. 



23.Vri Lcav.is .. 

37 .. 

6 

Wastage 

8 

7 

Excrement 

8 „ 

14 

Spinning continued (800 Spun). 



Dead 73 (partly eaten bv rats). 


24-Vll Leaves .. .. 

40 seers. 

13 

Wastage 

4 „ 

12 

Excrement . . 

6 ,, 

6 
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15 aeeps. 
» » 

0 


Spinning coiuiniicd (1,200 Spun). 

Dead 24. 

4 eaten by rats. 

5 died at moult. 

15 diseased. 

25-Vll Leaves .. 

Wastage 
Exeromcnt 
Spinning cnnfcinuod (1,200 Spun), 

Dead : 5 failetl to spin. 

0 ; rats ate them. 

15 failed to moult. 

15 disea.secl. 

20-VtI Leaves .. ,. 0 seers. 

Wastage . . 0 ,, 

Excrement . . 5 „ 

Spinning continued (1,435 Spun). 

Dead : 12 ; rats ate them. 

3 failed to moult 
13 could not spin 
10 diseased. 


4 chittacks. 
2 

•* rr ■ 


10 ehittack.s 
12 


27- VII Leaves .. .. 4 seens. 3 chittacks. 

Wastage . . 1 seer 

Excrement . . , S „ 

Spinning continued (340 Spun). 

Dead : 8 ; rats ate them. 

12 could not spin. 


The above figures show several interesting points; they are 
not complete for the whole brood, but they show how the feeding 
has to be done and what weight of matter is obtained as excrement 
and wastage which should all go back to the laud as manure. The 
disease was also a distinct factor both in worms that declined to spin 
and those that died at moults. 


4- VII I to 19-VIIL 
10 - VIII to 2(i-vin. 

20- VI II to 10-IX. 

10-IX to 26-IX. 

37 days. 

For this brood, 49,000 eggs by weight were kept ; 100 eggs weigh 
2*5 grains. Only 25,000 cocoons were obtained since over 20,000 
worms died before or at the first moult, 1,500 died when full-grown, 
and 1,000 could not spin. To secure the 94 seers of cocoons, 18 


Fourth Brood. 
Eggs laid 
Eggs hatched 
(Joc<30iis formed 
.Moths emerged 


, iiiauiicls 37 seei’s of leaf were supplied, giving only 7 6 maimds 
of leaf to the inaund of silk ; there was thus no real loss, 
estimating from the amount of leaf used. 

The following is the detailed record of each day : — 


Eggs. Larvas hatched. Pupated. 

4 to 19 Aug. 10 to 26 Aug. 26 Aug. to 10 Sept. 


Emerged. 
10 to 26 Sept. 




- — 

— 

1 

— 

~1 

r“ 





Worms which 


Food supplied. 

jpood wasted. 

Excrement. 

Dead. 

Picked for 

could not spin 
among the 












picked. 















Md. 

sr. 

ch. 

Md. 

sr. 

ch. 

Md. 

sr. 

ch. 




14- VI II 

0 

5 

14 

i 0 

0 

6 







1.5-VIlI 

0 

7 

0 

0 

1 

8 




•• 



16-VIII 

0 

0 

12 

0 

4 

0 







17-Vlll 

0 

6 

4 

i 0 

3 

8 





•• 


IS-VIII 

0 

7 

0 

i 0 

3 

0 




2i 



19-VIII 

0 

11 

14 

I 0 

2 

0 




25 



20-VIlI 

0 

18 

0 

i 0 

2 

0 

0 

0 

13 

30 



21-Vlir 

0 

22 

0 

i 0 

3 

8 

0 

1 

8 

22 



22-VIll 

0 

21 

0 

i 0 

4 

0 

0 

2 

0 

33 



23-VIir 

0 

20 

0 

i. 0 

5 

8 

0 

4 

0 

40 



24- VIII 

1 

6 

0 

i 0 

3 

0 

0 

5 

0 

50 



2.5-VrTI ' 

1 

12 

0 

1 

3 

8 

0 


8 

95 

1,200 


26-VIII 

1 

24 

0 

0 

1 

8 

0 

() 

12 

80 


27-VIII 

2 

0 

0 

1 0 

12 

0 

0 

20 

8 

74 

2,400 


28- VIII 

1 

13 

8 

0 

22 

0 

0 

14 

0 

54 

5,000 

ii) 

2U-VIII 

1 

8 

8 

0 

12 

0 

0 

18 

0 

73 

5,200 

.30- VIII 

0 

32 

0 

1 0 

10 

0 

0 

6 

0 

81 

2,000 

65 

31- VIII 

0 

36 

0 

0 

4 

0 

0 

8 

0 

78 

1,000 


MX 

0 

38 

8 

0 

6 

0 

0 

7 

0 

86 

300 


2-IX 

1 

12 

12 

0 

4 

2 

0 

12 

4 

83 

500 

73 

3-IX 

0 

36 

0 

0 

7 

8 

0 

1.5 

2 

91 

1 1,600 

21 

4-IX 

0 

21 

0 

0 

7 

12 

0 

13 

8 

35 

1 2,400 

1 314 

5-IX 

0 

19 

0 

0 

5 

8 

0 

11 

0 

25 

2,100 

1 111 

6- IX 

0 

6 

0 

0 

4 

2 

0 

4 

0 

22 

800 

1 56 

7-IX 

0 

2 

8 

1 0 

1 

3 

0 

0 

12 

15 

260 

25 

8-IX 

0 

0 

12 

1 0 

3 

0 

, 0 

0 

8 

19 

125 

1 10 

9-lX 

0 

0 

6 

0 

0 

3 

0 

0 

2 

5 


1 18 

to- IX 

0 

0 

0 

1 






11 

I 60 



Fifth Brood. 

Eggs laid 
,, hatched 
Cocoons formed 
Moths emerged 


13- IX to 26-lX. 

20- IX to 3-X. 
S-X to 26-X. 

21- X to 16- Xf. 


To this brood about fifty maunds of leaf were given, about 

76.000 cocoons were obtained, but about 45,000 worms died, 

30.000 just before pupation ; this was due to overcrowding, as 
an attempt was being made to get as large a brood as the rearing 
house could take, and secondly, to the difficulty of getting food, 


LEPtlOlSr Ajsrt) GHOSH. 


4S 


as it had to be collected from villages miles away, was hours on the 
road and could only be got twice a day. Overcrowding, lack 
of attention, irregular feeding and fermenting food played havoc 
with the worms and the cocoons only weighed 4,000 to the seer. 

The detailed record is as follows : — 


Eggri i3 to 2f} (Sept, Hatched 21 Sept, to 3 Oct. Pupated 5 to 26 Oct. Moth.s 21 Gel. to 16 


Date. 

Food supplied. 

Food wasted. 

Excrement. 

Dead. 

Picked for 
.spinning. 



iMd. 

sr. 

ch. 

Md. 

sr. 

ch. 

Md. 

sr. 

ch. 




23-iX 

0 

2 

8 







10 



24-1 X 

0 

3 

0 

0 

0 

8 




25 



25- IX 

0 

10 

8 

0 

2 

0 




8.5 



26- IX 

0 

14 

2 

0 

1 

14 

6 

i 

2 

95 



27-IX 

0 

28 

12 

0 

3 

8 

i) 

2 

2 

51 



28- IX 

0 

35 

8 

0 

7 

0 

0 

2 

4 

31 



29-lX 

0 

38 

4 

0 

8 

s 

0 

4 

2 

49 



30-IX 

1 

14 

4 

0 

() 

8 

0 

17 

0 

85 



1-X 

1 

32 

0 

0 

7 

12 

0 

20 

4 

96 


Up to this date 

2.x 

2 

1 

12 

0 

5 

8 

0 

25 

0 

112 


leaves were 

3-X 

2 

26 

8 

0 

4 

8 

0 

28 

4 



got from the 

4-X 

2 

36 

4 

0 

5 

4 

0 

34 

12 

145 


5 acre plot. 

5-X 

2 

21 

4 

0 

3 

0 

0 

31 

0 

200 

800 


6-X 

1 

3 

0 

0 

2 

12 

0 

22 

12 

221 

5,400 


7-X . 

2 

12 

0 

0 

3 

4 

0 

33 

4 

261 

8,850 


8-X 

1 

28 

0 

0 

5 

12 

0 

14 

12 

382 

8,000 


9-X 

1 

30 

0 







2.600 

2,250 


10- X 

1 

20 

0 







4,080 

2 200 


11-X 

1 

20 

0 

0 

6 

0 

0 

ii 

0 

2,370 

500 


12- X 

1 

20 

0 

0 

8 

0 

0 

13 

0 

200 

500 


13- X 

1 

26 

0 

0 

6 

8 

0 

16 

12 

356 

150 


14- X 

1 

30 

0 

0 

6 

0 

0 

16 

0 

394 



15-X 

2 

17 

0 

0 

3 

0 

0 

17 

0 

276 

‘ 65 


16-X 

2 

0 

0 

0 

5 

0 

0 

20 

2 

643 

820 


17-X 

2 

2 

0 

0 

2 

0 

0 

26 

8 

605 

3,500 


18-X 

1 

20 

0 

0 

4 

0 

0 

16 

6 

590 

5,300 


19-X 

1 

10 

0 

0 

3 

0 

0 

11 

0 

600 

5,300 


20-X 

1 

20 

0 

0 

4 

0 

0 

15 

0 

1,500 

2,900 


21-X 

2 

31 

0 

0 

7 

0 

0 

15 

0 

2,510 

2,000 


22-X 

1 

22 

0 

0 

31 

0 

0 

21 

0 

6,200 

2,100 


23-X 

1 

5 

0 

0 

18 

0 

0 

16 

0 

5,000 

2,900 


■ 24-X 

0 

32 

0 

0 

22 

0 

0 

12 

0 

3,960 

.3,100 


25-X 

0 

26 

0 

0 

16 

0 

0 

8 

0 

5,235 

1,300 



Sixth Brood. — There being little castor available, small broods 
were kept, and an attempt was made to space them out so that 
there should be always some in all stages, and not immense numbers 
in one stage, all requiring immense quantities of food at once as they 
got mature. 



Eggs laid. 

Eggs hatched, i 

CocGoas formed. 

Moths emerged, 

(1) 1 

2:j-x 

l-Xl 1 

27- XI to 2-XlI 

*9 to 10-1-08 

(2) & (.-1) 

2-xr, 

9-XI 1 

10tC)22-XU 1 

*17 to 28-1 

28-11 (fir.st) 

(i) 

9- XI 

22-XI 

8 to 2(5-1 i 

(51 

14to22-XI 

i 28-XIto9-XIl' 

26- i to 3-11, ; 

lO-1 11 (first) 


Date, 

Food supplied. 

1 : 

1 Leaves 

wasted. 

Excrement, 

Dead. 

i How many picked 
! for spinning. 


Md, 

sr. 

ch. 

Md 

SI 

. ch. 

Md. 

sr 

ch. 



2-XI 

0 

0 

I 









3-Xl 

0 

0 

1 







2 


4- XI 

1) 

0 

1 







2 


5-Xl 

0 

0 

2 







3 


(5- XI 

0 

0 

2 







4 


7-XI 

0 

0 

3 







0 


8-XI 

0 

0 

3 







18 


9-XI 

0 

0 

3 







4 


10- XI 

0 

0 

4 







2 


11- XI 

0 

0 

4 







4 


12-XI 

0 

0 

4 







'4 


13- XI 

0 

0 

4J, 

0 

0 

1 




11(4 ent by 


14- XI 

0 

0 

4i 

0 

0 

2 




something). 












3 


l.a-XL 

0 

0 

41 

0 

0 

il- 




1 


10-Xl ■ 

0 

0 

7 

0 

0 

14 

0 

0 

l 



17- XI 

0 

0 

8 

0 

0 

iS 

0 

0 

■1 

2 


18-XI 

0 

0 

13 

0 

0 

X 

0 

0 

1- 

2 


19-XI 

0 

0 

7 ■ 



■ 

0 

0 

P‘ 



20-XI 










i :V 


2i-xr 

0 

0 

7 

0 

0 

2 

0 

0 

1 

1 1 


22 -XI 

0 

1 

3 

0 

0 

2 

0 

0 

1 



23-X] 

0 

1 

12 

0 

0 

8 

0 

0 

4 

i' 


24-XI 

9 

2 

, 4 

0 

0 

9 

0 

0 

5| 

3 j 


25-XI 

0 

1 

8 

0 

0 

3 

0 

0 

5 

•• 1 


26- XI 

0 

I 

12 

0 

0 

3' 

1 ■ 0 

0 

0 

4 could not 

100 

27-XI 

0 

1 

14 

0 

0 

5’" 

0 

0 

9 

moult. 1 


2«-XI 

0 

1 

10 

0 

0 

5‘ 

0 

0 

11 


il’fi 

29-XI 

0 

0 

9 

0 

0 

()■ 

0 

0 

44 


f)7 

30- X I 

0 

0 

3?. 

0 

0 

3i 

9 

0 

1| 

i ' 

24 

1-xn 

0 

0 

r 

0 

0 

1|- 

0 

0 

4 

1 cut by I 

0 

2- XII 

0 

0 

h ■ 







.something, j 












1 1 missed, j 


3-XlI 









! 

■I 


To'i’.vr 

0 

18 


0 

3 

S| 0 

0 

.3 

4:1- 1 
1 

■ I 



674 cocoons in all : 


6 sent to 1. E.; they also spun. 
2 could not spin. 


=*= 'I'liese were ar{.iiioiiilly inirricil by heating in a eloKCcl moist ehamljer. 77 seers of leaf were 
s p])iied and 1 seer of eocoons seeiivwl ; the detailed records are attached. 





LEFKOY AND {,11 OSH. 


Moths (except 81) emerged by heating between 9 and 16-1-08, 
Three cocoons spun on 1-XII were kept separate and not heated. 
Moths came out from these between 21 to 24-1-08. 


1,000 eggs kept bj? weight. Laid 2 Nov. Hatched 9 Nov. 1 19 did not hatch. 


How many picked 
for .spinning. 


9-Xl 

10- Xl 

11- Xl 

12- Xl 

13- Xl 
U-Xl 
15-Xl 

lO-Xl 

17- XI 

18- XI 

19- XI 

20- XI 

21- XI 

22- XI 

23- XI 
24.XI 

25- XT 

26- XI 

27- XI 

28- XI 

29- XI 

30- XI 

1- XlI 

2- XII 

3- XII 

4- XII 


591 counted living 
to-day. 


568 counted living ; 
rest cut & eaten 
by rats. 

4 sent to office as 
diseased living. 


5- XII 

6- xn 

7- XII 

8- XtI 

9- XII 

10- XII 

1 1- XII 

12- XII 

13- XII 

14- XII 

15- XII 

16- XII 

17- XII 

18- XII 

19- XlI 

20- XII 

21- XII 


18 ; 554 livins 

173 

147 


4 ; 20 counted 
living. 


22- XII 

23- XII 

24- XII 

25- XII 


Food supplied. 

Food wasted. 

Excrement. 

Dead. 

Aid. 

sr. 

eh. 

Md. 

sr. 

oh. 

Md. 

.sr. 

(dl. 



i 0 

0 

1 








0 

0 

1 








! 0 

0 

2 







9 

i 

0 

2 







12 

1 0 

0 

2 

0 

6 

i 




8 

I 0 

0 

2 

0 

0 

■i 




13 

! 0 

0 

2 

0 

0 

i 




23 

i 0 

0 

2 

0 

0 

1 




16 

1 0 

0 

2 

0 

0 

1 




18 

1 0 

0 

21 

0 

0 

% 




14 

1 0 

0 

1 

0 

0 





1 

(2nd moult) 







.. 

0 

0 

2 

0 

0 

4 

0 

6 

h 

12 . 

0 

0 

3 

0 

0 


0 

0 

1 

4 

0 

0 

3 

0 

0 

i 

0 

0 


4 

0 

0 

3 

0 

0 

i 

0 

0 

1 

.. 

(3i’d moult). 







2 

0 

0 

3 

0 

6 

i 




o 

0 

6 

0 

0 

0 

i 

0 

1 



0 

0 

10 

0 

0 

i 

0 

0 

40 

4 

0 

0 

0 

0 

0 

1 

0 

0 

24 

9. 

0 

0 

1 

0 

0 

li- 

0 

0 

i 


0 

0 

1 







4th moult. 

0 

0 

6 

0 

6 

24 

0 

6 

4 


0 

0 

13 

0 

0 

0 

2‘ 

0 

0 

4 

23 destroyed. 

0 

1 

0 

0 

3.4 

0 

0 

1 

5 inksing. 

0 

0 

13 

0 

0 

1| 

0 

0 

U 

2 missing. 

0 

1 

0 

0 

0 

2| 

0 

0 

24 

1 

0 

1 

4 

0 

0 

24 

0 

0 

4' 


0 

1 . 

4 

0 

0 

24 

0 

0 

4 

i* 

0 

1 

4 

0 

0 

34 

0 

0 

1 


0 

1 

4 

0 

0 

4" 

0 

0 

H 

2 rat cut. 

0 

1 

4 

0 

0 

3 

0 

0 

7 

2 

0 

0 

10 

0 

0 

2 

0 

0 

3 


0 

0 

3 

0 

0 

1 

0 

0 

■1 

5 

0 

0 

2 

0 

0 

4 

0 

0 

4 

1 

0 

0 

2 

0 

0 

1 

0 

0 

1 

2 

0 

0 

U 

0 

0 

1 

0 

0 

1 

15 

0 

0 

n 

0 

0 

|- 

0 

0 

i 


0 

0 

i| 

0 

0 

4 

0 

0 

1, 

k' 

0 

0 

2' 

0 

0 

1 

0 

0 


4 

0 

0 

A 

, 0 

0 

k 

0 

0 

1 

4 

0 

0 


0 

0 

i 




8 

0 

0 

,1. 

0 

0 

X 




3 

0 

0 








3 

2 










6 


ERT SILE. 



1,000 aid 2 Nov. — kept by counting. Hatched 9 Nov. 89 did not hatch. 


Food 

supplied. 


Picked for 
.spinning. 


j Excrement. 


Rkmahio 


9-Xl 

10- Xl 

11- Xl 

12- XI 

13- XI 

14- Xl 

ir)-xr 
1(5- X! 

17- XI 

18- XI 

19- XI 

20- XI 

21- XI 

22- Xi 

23- XI 

24- XI 

25- XI 

26- XI 

27- XI 

28- XI 

29- XI 

30- XI 

1- XIl 

2- XII 

3- XlI 


Second moult. 


Third moult. 


Poui'th moult. 


4- XlI 

5- XII 


704 counted livii 


33 cut 
4 dead. 
21 cut 
4 dead. 

11 cut 

2 dead. 

12 cut 
4 cut 


8.xn 


554 ,, 

Rats poisoned. 


9-xn 

10- XII 

11- XII 

12- XlI 

13- XlI 

14- XII 

15- xn 
lO-XTT 
i7.xri 

18- XII 

19- XIT 

20- XlI 
31-XlI 

22- XII 

23- XII 

24- XII 



LEFROY AND GHOSH. 


4-7 


2.000 eggs kept (by weight). Laid 9 Nov. Hatched night 22 Nov. 


Date. 

Food supplied. 

Food wasted. 

Excrement. 

Dead. 

Picked for 
sj)innmg. 

Ri?mark.s. 


Md. sr. 

ch. 

Md. sr. ch. 

Md. 

sr 

oh. 





23-XI 

0 

0 

i 











24-XI 

0 

0 

1 

0 

0 

1 








25-Xt 

0 

0 

n 

H* 

0 

0 

1 








20-XI 

0 

0 

0 

0 









27-Xl 

28.XI 

29-XI 

0 

0 

4 

0 

0 








Fir.sf, moult. 

30-XI 

0 

0 

1 











1-XII 

0 

0 


0 

0 

-V 




! 




2-XlI 

0 

0 

it 

0 

0 

1 







531 counted living. 

••hXII 

0 

0 

2 

0 

0 








4-XU 

0 

0 

4 

0 

0 

! 




2 




o-XII 

0 

0 

4 

0 

0 

1 








O-XII 

0 

0 

p* 

0 

0 




1 




7- XII 

8- XII 

0 

0 

2 

0 

0 

1 







Second moult. 

9-XII 

0 

0 

2 

0 

0 

1 








10-XII 

0 

0 

3 

0 

0 

u 

0 

0 

1 

.3 




1 1-XII 

0 

0 

3 

0 

0 

1 

0 

0 

1 





12-XII 

0 

0 

4 

0 

0 

1 

0 

0 

1 





13-XII 

0 

0 

6 

0 

0 


0 

0 

1 





14-xn 

0 

0 

6 

0 

0 

li 

0 

0 

.1. 





15-XII 

Ifi-Xll 

0 

0 

4 

0 

0 

1 

0 

0 

1 

4 

1 



Third moult. 

n-xii 

0 

0 

3 

0 

0 

11- 

0 

0 

1 





18.XII 

0 

0 

2 

0 

0 

J. 

0 

0 

5 



512 counted living. 

19.XII 

0 

0 

3 

0 

0 

i 

X 

0 

0 

1 




2Q-XII 

0 

0 

5 

0 

0 

0 

0 

X 





2i.xn 

0 

0 

r> 

0 

0 

1 

0 

0 

I 

*2 




22-Xn 

0 

0 

5 

0 

0 

I 

0 

0 





23-XII 




0 

0 

3 




i 




24.XII 

25- XII 

26- XII 

0 

0 

i 

0 

0 

- 3 . 

0* 

'o 

1 





27-XII 

0 

0 

2 







0 




28-XII 

0 

0 

5 

0 

0 

i’ 

0* 

*0 

1 




Fourth moult. 

29-XII 

0 

0 

6 

0 

0 


0 

0 

*8 




30-XII 

0 

0 

9 

0 

0 

i| 

0 

0 

]l 




Counts up to moult 

31-xn 

0 

0 

12 

0 

0 

4 







1-1-08 

0 

0 

12 

0 

0 

14 

o' 

'o 

u 

3 



Counts up to moult* 

2-1 

0 

0 

12 

0 

0 

u 

0 

0 

14 

1 




3-1 

0 

0 

13 

0 

0 

2" 

0 

0 

u 

2 




4-1 

0 

0 

15 

0 

0 

n 

0 

0 

li 

1 




o-I 

0 

1 

0 

0 

0 

31 

0 

0 

11 





O-I 

0 

1 

0 



21 

0 

0 

21 





7 1 

0 

1 

0 



3 

0 

0 

21 

3 




8-i 

0 

1 

0 

0 

0 

H 

0 

0 

21 



8 


9-1 

0 

0 

15 

0 

0 

H 

31 

0 

0 

2J 



67 


lO-I 

0 

0 

10 

0 

0 

0 

0 

2" 

i 


121 


11-1 

0 

0 

8 

0 

0 

41 

0 

0 

14 



102 


12-1 

0 

0 

4 

0 

0 

3 

0 

0 

r 



73 


13-1 

0 

0 

2 

0 

0 

] 

0 

0 

i 



39 


14-1 

t 

0 

1 

0 

0 

1 

0 

0 



15 


15-1 

0 

0 

1 

0 

0 

1 

0 

0 

-4 



9 


16-1 

0 

0 

1 

0 

0 

I • 

0 

0 

I 



2 


17-1 

0 

0 


0 

0 







1 



ERI SILK. 



■ I 1 :i still living — arc fiili-gi'own- 
of o.xti'eine cold. 


-not, eating well, j( Iso not .spinning probably on account 


Date. ; Food supplied. Food wasted. Excrement. ! Dead ' fnr 

I 1 ' spinning. 


Remarks 


is-xir 

i!)-xri. 

20- Xl[ 

21- xn 

22- Xll 

2;lxu 

2-l.XTL 

2- .-X] L 
2(i-XII 
27-XTl 
2S XII 
29-XII 
30.XII 
31-XlI 

1- I 

2 - 1 

3- 1 

4- 1 


412 counted livin; 


Resting for moult. 


24- 1. 

25- 1 
2G-1 

27- 1 

28- 1 

29- 1 

30- 1 
31-1 

1- XII 

2- XII 
3X11 
4-XII 


Total 
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33 were thrown away as they were neither eating nor spinning. 
They were dying gradually. On cutting some of the worms which 
were dying, masses of undigested food were found in the abdomen. 
No other symptoms of any disease could be made out. 

210 cocoons secured in all — 2 could not spin. 

Moths began to emerge 10 March. 

The first three lots of worms in the sixth brood were given arti- 
ficial heat in the pupal stage in order to hasten the emergence of the 
moths. The weather at the time was very cold, with cold winds blow- 
ing, and the temperature was as low as between 35°F. to 40°F. The 
cocoons were kept in a closed chamber in which the temperature 
was kept up to 80°F. to 100°F., and a high degree of moisture, was 
produced by heating water so that the wet bulb thermometer record- 
ed between 65 to 80. The results are shown below. 


Date when the 
worms spun 
cocoons. 

Date of commencement of 
the application of the 
artificial heat. 

Date of emergence of 
moths. 

i Duration of the 
pupal stage in 
i days. 

27-11-07 

7-1-OS 

9-1-08 

■ 43 

10-12-07 

7-1-08 

17-1-08 

38 

11-12-07 

7-1-08 

17-1-08 

37 


Date and hour. 

Dry bulb. 

Wet hulb. 

Per cent, of 
humidity. 

Remarks. 

7-1-08 noon 

75 



Started. 

59 1 P-M 

81 

68 

48% 


„ 2 P.M. 

81 

68 

48% 


„ 3 P.M 

83 

73 

60% 


„ 4 P.M. 

8-1-08 G A.M. 

91 

70 

76 

59 

48% 

48% 


„ 10 A.M. 

91 

74 

42% 


11 A.M. 

95 

78 

44% 


,, 12 noon 

96 

74 

32% 


,5 2 P.M. 

100 

79 

39% 


,, 3 p.m. 

96 

76 

370/0 


„ (jP.M 

93 

76 

40% 

Moths emerged night 8-1-08. 

9-1-08 7 A.M. 

75 

65 

56% 

58o/o 

„ 10 A.M. 

80 

70 


„ 1 P.M. to 1 

4 p.m. i 

90 

77 

53% 


„ 8 p.m. 

80 

70 

58% 


10-1-08 8 A.M. 

90 

74 

440/0 


„ 11 A.M. 

90 

81 

660/0 


„ 4 P.M. 

, ■ 85 

75 

61% 


„ 10 P.M 

85 

. . .. ■ , i 

.■ 1 

61% 
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Date and hour. 

Dry bulb. 

Wet bulb. 

Per cent, of 
humidity. 

REMARliS, 

iM-08 8A.n. 

80 

65 

41% 


1 F.M. 

80 

70 

58% 


'' „ 4 p.m. 

85 

72 

51 % 


12-1-08 8 a.m. 

80 

70 

58% 


„ llA.M. 

85 

76 

64% 


„ 4 P.M. 

1.3-1-08 9 a.m. 

83 

76 

64% 


78 

69 

61% 


„ ip-M. ; 

84 

79 

79% 


„ 4 P.M. 

14-1-08 8 a.m. I 

84 

79 

79% 


83 

74 

630o 


noon ; 

86 

76 

61% 


,, 4 p.m. 

86 

76 

61% 

After this no record.s w(>rokept 




for each day but the thermo- 
meters were watched so that 
the dry bulb ranged between 

j 




1 

i- 

70 and 90 degree.? and the 
wet bulb between 60 and 80 
degrees. 

24-1-OS Stopped | 



1 


' To the following no heat was applied and they were allowed 
bo come out in the natural course. 


Date when the worms spun 
cocoons. 

i Date of emergence of moths. 

Duration of pupal stage in 
days. 

1 Dee. 

21 Jan. 

52 

{■ ' 8 Jan. 

28 Feb. 

51 


Seventh Brood— 


Eggs laid. 

Eggs hatched. 

Worm,s spun. 

Moths emerged. 

*11 Jan. 

4 Feb. 

llMeh. 

31 Mch. 

*25 Jan. 

15 Feb. 

20 Mch. 

8 Apl. 

2 Moll. 

1 

15 Mch. 

9 Apl. 

25 Apl. 


In this brood, the effect of the disease on the weakly race 
is clearly seen ; many eggs failed to hatch ; many worms died and 
the results are very poor. 


* (The fet lots fastened by incubation,) 
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34,000 eggs 
not lialeh. 


:s laid between 20 to 30 Jan. Hatched tietwoen 13 to 18 bVb. 


Date. 

Food supplied. 

Food wasted. 

Excrement. 


Sr. 

Oh. 

Sr. 

Oh. 

Sr. Ch. 

13-11 

0 

i 

0 

0 


14-11 

0 

n 

0 

0 


15-11 

0 

3 

0 



JO-II 

0 


0 



I7-II 

0 


0 



18-11 

0 


0 

21 


19-11 

0 

15 

0 

31 


20-11 

1 

8 

0 

4-1 


21-11 

1 

10 

0 

4-1 


22-11 

1 

2 

0 



23- IJ 

0 

12 

0 

0 


24-ri 

1 

0 

0 

8;| 


25-11 

J 

5 

0 

!»1 


2o-ri; 

1 

15 

u 

9 


27-11 

2 

0 

0 

12 


28-n 

.3 

12 

0 

15 


29-n 

3 

7 

J 

1 


1-TTl 

3 

4 

0 

10 


2-in 

0 

12 

0 

13 


3-1 II 

7 

9.1 

1 

4 


4-111 

, 7 

8 

0 

7 


5-ni 

7 

1 

1 

0 


O-IIl 

12 

12 

1 

(i 


7-1 IT 

20 

12 

1 

10 


8-ni 

23 

2 

2 

3 


9-iri 

20 

0 

2 

4 


10- in 

20 

0 

2 

7 


ii-iii 

20 

0 

2 

8 


12-III 

25 

12 

3 

12 


13-ni 

45 

10 

4 

6 


14-in 

40 

2 

7 

8 


i5-ni 

46 

10 

8 

4 


iG-iri 

55 

1 

8 

10 


17-111 

51 

10 

13 

2 


18-111 

48 

8 

8 

0 


19-I7T 

47 

0 

10 

0 


20-ni 

40 

0 

12 

0 


21-111 

22 

0 

6 

0 


22-III 

18 

0 

12 

0 


23-111 

14 

0 

5 

0 


24-111 

15 

0 

4 

0 


25-111 

5 

0 


0 


26-nr 

2 

8 

21 

0 


27-III 

1 

3 

o“ 

10 


28-III 

0 

10 

0 

10 


29-111 

0 

6 

0 

3 



! Picked for 


41 

()2 

300 

2.W 

121 

71 

]5G 

140 

40 

01 

47 

139 

30 

99 

02 

197 

120 


403 

131 

152 

121 

83 

30 

97 


20 

305 

1,937 

4,553 

5,428 

2,053 

1,081 

1,010 

095 

279 

197 

89 

32 


About 0,100 did 


Remaeks. 



Mean percentage 
humidity at 8 
A.M. from 0th to 
17th March is 
i 49%. 

i Almost all dying 
I at 3rd moult 
unable to moult. 
Almost all at 3rd 
moult. Leaves 
getting dry on 
accoutit of West 
winds. 


Percentage hu- 
midity rose and 
for next J2 days 
averaged 01 •5%. 


59 rejected : 

17,711 cocoons. 
36 rejected. 


30-111 


0 21 
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408 grains of eggs (100 =2-8 grs.), 13,750 eggs laid between 2 to 4 Mch. 08. Hatched 15 to 
10 Moll. About 300 did not hatch and 400 rejected. 


Date. 

Food 

supplied. . 

Food 

rejected 

Head. 

Picked for 
spinning. 

liEMAilKS. 











Sr. 

Gb.l 

Sr. 

Ch. 




IG-ill 

ij 

2 






i7-lll 

(J 

2 






!8-m 

0 

3 1 






19-irr 

0 







20-1 n 

0 

(> 



4 



21-111 

0 

5.', 

6 

li 

140 



22-11 r 

0 

ILi 

0 

J 




23-TII 

1 

6 

0 

21- i 

154 



24-111 

0 

4 ! 

0 

ll' 

2.1 

21 



25-111 

2().III 

0 

2 

10 : 

0 

0 

51 

163 


Moulting. 

27-m 

3 

3 : 

0 

4 1 

205 



28-111 
29-1 [I 

2 

4 

5 

11 

0 

0 

8.1- ' 
14“ , 

76 


Moulting. 

30-111 

13 


0 

131- 

118 



31-111 : 

13 

15 

1 

8 

102 I 



l-IV 

2.1V 

8 

IS 

3 

0 

1 

11 

126 ! 
26 ; 


Moulting. 

3.1V 

30 

0 

5 

0 i 

270 



4- IV 

36 

0 ; 

6 

12 

1.54 



5.IV 

39 

0 ; 

6 

8 1 

138 



e-iv 

48 

9 

7 

.1 ; 

106 



7.IV 

' 45 

2 > 

9 

8“ 1 

131 

672 


8-IV 

16 

3 

11 

14 , 

102 

:‘>..")43 


9.IV 

! 11 

0 

9 

0 

92 

3,777 


10-IV 

8 

0 ! 

3 

0 

115 

1,122 


ll-IV i 

6 

0 

3 

0 , 

81 

437 : 


12-lV 1 



2 

0 i 

40 

207 : 


IS-IV i 





76 

208 ' 


14.1V i 





17 

113 


15-IV 





37 

94 


IG-IV 





26 

i 46 


17-lV 





31 

1 ^ ^ 


18-IV 





46 

1 







1 rejected. 




Out of those picked for spiiuiing 205 couhl not sihu cocoons. 
Jloths began to emerge 24 Apl. 08. 

Pierced cocoons secured 1 sr. 10 ch. 


Tliei-e is a practice of Iceeping tlic feeding trays with worms piled 
up one above the other. Feeding the wmrius in this way is rather 
convenient at the time when the dry winds blow and dry the leaves 
very quickly, because when the trays are piled np in this way, the 
leaves do not get dry so soon. In order to find out whether this has 
any injurious effect on the health of the worms, 12,000 worms were 
selected from the third lot in the seventh brood just after they passed 
out of the 3rd moult ; (1) 6,000 were fed in trays which were kept 


piled up ; and (2) 6,000 in trays whicli were kept separate and open. 
Tlie results were somewhat better in the first case as will be seen 
from tlie figures given below ; because the worms kept more 
moist and although the trays were piled up, they were not airtight 
and therefore hardly interfered with the breathing and evaporation 
from the body of the worms. In the wet season the trays should ‘ 
not be piled up in this way. 


1. 6,000 worms just after the 3rd moult 2. 6,000 worms just after the 3rcl moult 
fed in trays kept piled up. fed in trays kept separate and open. 


Date. 

Dead. 

Picked for apinning. 

Dead. 

Picked for spinning. 

30-111 

29 


'■ T; 


31-111 

24 


47 


1-IV 

41 


74 


2-1 V 

Moult. 


Moult. 


S-IV 

79 


102 


4-IV 

58 


87 

. . 

5- IV 

68 


70 


6-IV 

70 


66 


7-IV 

58 

,576 

63 

96 

8-IV 

58 

2,292 

33 

1,251 

9-IV 

30 

1,717 

57 

2.060 

10-IV 

48 

332 

56 

790 

11-IV 

31 

94 

41 

343 

12-IV 

7 

19 

28 

153 

13.IV 

18 

20 

51 

83 

U-IV 

3 


7 

29 

15-IV 

17 


11 

24 

16.IV 

13 


9 

7 

17-IV 

7 rejected. 


, , '■ 17 , ■ 

2 

Out of these 4,865 cocoons secured. 113 

Out of these, 30 

rejected, 4,748 cocoons 

could not spin. 659 dead and rejected. 
363 missed. 

secured. 132 could not spin. 910 dead 
and rejected. 210 missed. 


Eighth Beood. 

50. 000 eggs were laid between 4 Apl. and 10 Apl. About 3,000 
hatched between 12 Apl. and 19 Apl., but all the worms died before 
the first moult. 

167.000 eggs were laid between 25 Apl. and 30 Apl. These eggs 
did nothatch, only 300 weak larvae being obtained and they died before 
the first moult. So far as could be ascertained, the causes were the 
gradual weakening of the previous broods from disease (see below 
page 65), the injurious effect of the forced emergence of moths by 
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artificial heat in the previous brood and the hot dry weather, the 
temperature being up to 110°F. in the shade, the humidity low and 
a dust-laden west wdnd blowing, as is usual at this time. 

A supply of cocoons (600) was obtained in a village near Palas- 
bari, Kamrup, and brought to Pusa. They were isolated and exam- 
ined : only 41 moths hatched, all weak and it was found that there 
were abundant maggots and pupee of a parasitic Tachinid fly. These 
w^ere destroyed and the whole consignment burnt. A fresh supply 
was gathered consisting of 400 newly hatched worms, 2,700 eggs and 
70 cocoons. These w'erc isolated and the stock issued from quaran- 
tine only after careful examination and in the form only of healthy 
worms. 

Ninth Brood. 


2,700 eggs hatched 4 July 08. 

They were fed, no record being kept of weights. 


Date 

Died. 

Spun. 

7-VIl 

17 



8-VII 

25 



9-VlI 

20 



10- VII 

22 



11- VII 

34 



12-VIl 

35 



i3.vri 

16 



14-VII 

33 



16. vn 

lO-VII i 

17. VH 1 

18 

10 

13 

89 i 
164 • 
74 ! 

327 from the 400 live worms. 

Moths emerged from 31 July. 

18-VlI 

20 



19.V1I 

12 



20 -vn 

6 

995 ) 


21-VlI 

1 

700 ( 

2,036 from 2,700 eggs. < 

22- VII 

23- Vn 

4 

252 ( 
631 

Moths emerged from 6 x\ug. 08. 

24-Vn 


26 



I Tenth Brood. 

In this brood four separate lots of eggs were kept and in all 
about 20,700 worms hatched out of the eggs. In all 16,148 
cocoons were obtained. 

The following are the detailed records. When the worms were 
made to spin, they got mixed up. 
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0,000 eggfi of moths from white cocoons, 
us. Hatched from 10 Aug, About 1,000 eggs did not ha-tch. 


21- vni 

22- VirT 
2:i-vifl 

24- VTri 

2,')-viri 

2(5-VIII 

27-VlEI 

25- VII1 
20-V 1 1 1 
20- V III 
31-vin 

MX 

2-iX 


4 . 34 r> 

4.232 

4,303 

4,279 

4,237 

4.230 

4,219 


Date. 

Approximate 
Ko. of worms 

Dead. 


being fed. 


12-viir 1 

5,000 

30 

i3-vni 1 

5,000 

18 

14-VHl i 

4,9.50 

28 

15-VIlJ ! 



16-VllI ' 



i7-vni 

1 4,560 

1 390 

18-VIIl 

j 4.529 

31 . 

19-vni 


i 

2n-vni 

^ 4,403 


34 

24 

12 

30 

26 

42 

7 

11 

6 


Food s\ip- 
1 plied. 

Food rejec- 
ted. 

j Sr. Oh, 

Sr. Oh. 

2 *12 


9 4 


13 0 

l’ ' 9 

13 3 

3 0 

10 2 

5 8 

6 7 

1 6 

0 12 

4 5 

0 6 

0 5 

0 4 

0 2 


0 1 


Picked for 
spinning. 


63 

1,544 

824 

1.50 

100 

68 

14 

4 


Kkmakks. 


tSccoud moult. 
These dead arc 
all from the 
time of Isl. 
UKUilt. Tht'.y 
wore kc])t to 
SCO if they 
could revive. 

About half of 
the (U;a<l could 
pilKS ilU! 1 S(; 

moult. 


Moths br'giiu to 
I cm ergo 10 Sept. 


Actually 2,780 cocoons were got. 

6,000 eggs of moths from white cocoons. 

I.aid 7 Aug. Hatched 14 Aug. 08. About 1 ,300 did not hatch. 





me 



Food rejec- 
ted. 


Picked for 
spinning. 
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7,000 ewgti from moths from bromi cotioons. 

Laid 8 to 10 Aug. 08. Bogan to hatch 15 Aug. All hatched. 


Approximate 
Date. No. of worm.s 

Dead. 

Food sup- 

JPood rejec- 

Picked for 

RliMAKK.S. 

being fed. 


plied. 

ted. 

spinning. 

10-VUl 


Sr. Ch. 

Sr. Ch. 


Moulting. 

20-VlIJ. 

21.VI1I 

137 




Dead mainly 

22-V'Jll i 

113 

1 7 

.... 


those Avhich 
could not 

moult. 

23- VIII 

33 

2 14 

0 8 


2LVTTI 

40 

3 11 

0 10 



25-Vni 

s 

4 15 

1 3 



2r,.vnr , 

51 

I 3 10 

0 IG 1 



27-VIIi 

115 

10 7 

0 14 



2S-V1IJ 1 

8 

11 5 

2 4 



20-viri ' 

24 

1 10 6 

2 4 



30-vin ' 

10 

19 3 

3 14 

37 


31-VIII ! 

6 

10 0 1 

3 5 

1,34.5 


MX 

' ■ 4 ■ 

7 5 

4 .5 

l.GOO 


2.-IX 

4 

! 11 

4-4 

G44 


3-IX 1 

1 

1 0 12 

0 10 

84 

3.710 

MX 

5 


0 n 

28 

3,738 

5-IX 












Actually 3,530 cocooii.s M’cro got fuul (38 could not spin. 

5,000 eggs of moth.s from -.chite cocoons. 

Laid 13 Aug. 08. Began to hatch 21 zVug. About 1,000 did not hatch. 


Date. 

Approximate 

No. of worms 
being fed. 

Dead. 

Food sup- 
plied. 

Food rejec- 
ted. 

j Picked for 
! spinning. 

1 

' Rewakk.s. 


Md. sr. ch. 


Md. 

sr. ch. 

Md. 

sr. ch. 

•• 

1 ' 

25-VIlI 



0 

0 10 



1 

! . 1 V ' 

2G-V111 


132 

0 

0 12 


0 3 


! 

' Dead ones are 






1 ■ 

■■ 


i 

1 - 

! :: 

1 niostl3’’ those- 
! which were 
j lagging be- 
! hind and are 

27-VlIl , 


i 138 

0 

2 4 

0 

0 3 


j therefore re- 

28-Vlli 


. 9 

0 

3 9 

1 0 

0 10 

i ■ ■ 

jected. 

29- VI 1 1 ' 


35 

0 

4 8 

i 0 

0 11 

1 ■ - 

30-vm ■ 


13 

0 

G 8 

i 0 

0 13 



31 -VII 1 


20 

1 

8 (3 

i 0 

0 15 


1 

MX i 


! 12 i 

0 

12 4 

1 

1 3 

i : 

1 

2-TX 


9 

0 

16 G 

1 0 

2 6 

i .. ■ 

! 

3-IX 1 


17 

1 0 

11 11 

, 0 

2 13 

i 508 

1 

4-IX 


, IS 

! 0 

5 0 

0 

3 4 

1 1,032 

1 

5-IX 



1 0 

2 3 

1 0 

1 8 

! 750 


fUX ' 


" 



, 0 

0 12 

1 . 

i 2.350 


Actually 2,350 cocoons were got and IS could not .spin. 
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Eleventh Brood. 

Eggs kept — 

25.000 laid 13 to 15 Sept. 08. 

40.000 „ 14 to 16 Sept. 08, 

.30,000 17 Sept. 

31.000 „ 18 

22.000 „ 19 „ 

23.000 „ 20 

7,000 M 21 

178.000 

Began to hateh 21 Sept, 08 
„ „ .spin 6 Oct. 08. 

Moths began to emerge 25 Oct. 08- 

Such a large number of worms was purposely Kept in this brood 
for using up the castor leaves. The worms could not be accommo- 
dated in the silkworm house, therefore a part of the potato storage 
house was used. 

In this brood were secured — | 

Pierced cocoons, 34 srs. 6 ch. 

Lhipierced „ U „ 4 „ 

About 3,500 pierced cocoons made up a seer, and unpierced cocoons 
1,800. Therefore about 140,550 worms were reared. 

Twelfth Brood. 

Two lots were reared in this brood. The detailed records 
are given below — 


27 Oct. 15,000 

eggs 1-id 

Hatched 6 Nov. 


Spun 10 Dec. 

90 

11 „ 

86(> 

12 „ 

1,710 

13 „ 

1,520 

14 

760 

15 

450 

1« 

248 

17 

125 

18 

78 

19 

40 

20 to 6 Dec. 100 

23 to 25 

200 


6,193 


In this lot many worms were eaten by rats. Also when it be- 
came cold, the worms died in the same maimer as last year, viz.-, they 
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could not moult properly and died. Tiie skins could not be shed 
and usually remained encircling the last segments. 

Moths began to emerge 16 Jan. 09 to 4 Feb. 09. 


Eggs laid 14 Nov. Hatched 26 Nov. 08. 


■Date. 

Leaves supplied. 

Dead. 



Md. 

sr. 

ch. 






2(>XJ-08 




•• 



Hatched. The 

counts in this lot were not 

24-xn.os 

0 

0 

13 

58 



kept from the beginning. 

25- XII 

0 

0 

12 

156 





26-XII 

27.XI1 

0 

0 

0 

0 

13 

9 

62 

37 



3j340 counted 

living on this date. 

2S.XII 

0 

0 

12 

25 





29-XIi 

0 

0 

14 

11 





30- XII 

0 

1 

0 

' 28 





31-XII 

0 

1 

1 

7 





I -1-09 

0 

1 

14 

21 





2-1 

0 

1 

13 

28 





3-1 

0 

2 

8 

16 





4-1 

0 

0 

8 

12 





5-1 

0 

2 

6 

17 





6-1 

0 

1 

14 

13 





7-1 

0 

1 

13 

12 





8-1 

0 

2 

5 

16 





9-1 

0 

2 

10 

15 





lO-I 

0 

2 

13 

18 





ll-I 

0 

2 

2 

6 





12-1 

0 

4 

2 

25 





13-1 

0 

4 

3 

40 





14-1 

0 

7 

10 

66 





15-1 

0 

9 

' 6 

35 

10 

spun. 



16-1 

0 

.8 

10 

63 

126 



17-1 

0 

7 

14 

37 

252 




18-1 

0 

6 

10 

25 

L50 




19-1 

0 

5 

12 

50 

139 




20-1 

0 

3 

4 

72 

342 




21-1 

0 

2 

5 

no 

198 




22-1 i 

0 

1 

8 

120 

125 




23-1 

0 

0 

9 

155 

50 




24-1 

0 

0 

6 

52 

12 




25-1 

0 

0 

4 

10 

1 

4 





Twenty-five living — lived on for some time — were neither eating notspinning. All died. 
Moths began to emerge 21 Peb. 09. 


Thieteenth Beood. 

It has been seen that intense cold (like intense heat) weakens the 
worms, and as they feed for a very long period in winter they are more 
liable to disease than in summer. Just after the winter a period of 
very dry hot weather follows and the effect on the worms is very bad. 
This bad effect is noticeable in the first lots reared in this brood. In 
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order to revive the stock, therefore, a fieldman was sent to Assam 
to procure some more seed in March 1909. He came back with about 
20,000 eggs and eighty seed cocoons. The eggs were not so gooc anc 
hatched very unsatisfactorily, only about 1,300 worms hatching on 
in all. The seed cocoons were veiy good this time and not diBea.Hed 
or flimsy like those got previously. About 1 ,000 eggs were, got trom 
worms reared at Nagpur. The Pusa stock and that got from Assam 
were reared in separate lots, and it remained to be seen whether the 
weakened race would revive itself with the fall of ram. 


Thlrteenl'h Brood. — 9;00{) pggslaiil 
30,000 „ 


r2() 

•■{li 


20 Jan. 00. Hatchod 9 Fob. 'i 

» ” b 7,000 liati/hed 20 Ft'b. 


28-11 
Mil 
2-in 
:i-m 
Ml I 
j-iii 

()-m 

7-I1I 

s-rii 


u>nr. 

IMII 

12-111 


Food 

supplied. 


Sr. Cb. 


0 lo 

1 6 
0 12 


0 12 
0 12 
0 15 


Food 

wasted. 


I 


1 -1 

0 It 

1 8 

1 13 
.1 12 

2 1 
2 9 


0 10 
0 9 


0 

0 14 
0 8 
0 11 
0 7 

0 8 
0 9 

0 11 


0 13 

1 ] 
0 G 


78 

75 

i“I 

no 


172 

4,552 

12,570 


G,725 

4,910 

95 

15 

12 

90 

114 

no 

75 


34 
53 

35 


Picked for i 
spinning. 


Pcrcoiitage. hnmi 
dity fell below 50, 
ami the average 
to 1;he iirst week 
of April was under 
40, SCO records 
beloAV. 


; 'riic average per- 
centage luunklity 
! for March wa.-; 

33 per cent, (taken 
i at 8 A.M.) 
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Pidcecl foi' 
spinning 


Food 

supplied. 


RE^rARKS. 


I Exci'ement. Dead. 


13.111 i 1 12 1 0 12 1 .. 26 .. I 

14- 111 2 5 0 6 ■ 17 - ■■ - i 

15- 111 i 3 6 i 0 G 34- .. 

16- in i 3 10 I 0 11 .. 28 

17- 111 I G 2 1 2 4 .. 24 

18- 111 17 8 12 2 .. 109 49 

19- 111 I 9 0 ! 2 1.2 .. : 35 168 

20- m i 5 5 ! 2 14 .. 25 j 354 

21- 111 I 5 0 11 8 .. 25 ! 290 

22- 111 1 4 71 ! I 4 .. 14 | 185 

23- 111 i 3 O" 118 .. 30 i 330 

24- 111 I 2 0 I 0 12 12 IGl 

25- 111 ! 1 8 i 0 1'2 20 92 

26- 111 ! 0 12 1 0 31 .. 30 76 

27- 111 I 0 8 10 3" .. 1 25 52 

28- 1.11 i 0 8 i 0 3 ..I 8 31 

29- 111 ' C 5 ; 0 3 .. 1 10 i 24 

30- 111 ! 0 4 1 0 11 .. I U i 24 

31- 111 .. ! .. i 

22,800 egg.s laid 1 to 4 Mch. 09. Hatched 12 to 1.5 Moh. 09. (About 12.000 failed to hatch.) 

28- 111 0 S I 0 4 .. i 108 ; .. i 

29- 111 1 0 I 0 6 .. I 150 .. 1 

,30-in 1 3 0 5 I 42 1 ..1 

31-111 0 14 1 0 4 .. I 40 i .. 1 

MV 1 8 0 5.. 30 I .. i 

2- lV 1 12 0 6 .. 34 1 

3- lV 4 0 1 2.. 24 ! .. . 1 , 

4- lV 4 3 13 .. IG ! .. ! 

5- lV 4 13 j 0 12 . . 20 

O-IV 4 5 0 12 .. 8 i .. 

^ 7-IV .5 0 ■ 1 8 .. i ■ ’ 

8.IV 7 0 ! 1 10 ■ 8 i : 

9-TV 7 0 14 .. 12 ■ 

10-IV 8 0 1 10 .. 10 ; 109 i 

IMV 8 3 IS .. 13 ! 734 | 

12.JV 7 0 1 10 .. 20 i 586 ! 

13- IV 4 0 0 11 .. 35 i 275 ! 

14- IV 3 0 0 10 .. 11 I 300 i 

1.5-lV 2 0 0 6 .. 18 I 165 

16- IV 0 8 0 .3 . . 16 45 

17- IV 0 4 .. .. 8 ! 50 

18- IV 0 3 .. .. 6 I 48 

19- IV .. .. .. 5 1 11 

20- IV .. .. .. .. I 21 

21- IV .. .. .. .. i 15 

22- TV .. .. .. .. { 10 


cocoon's. 


Moth.s began to emerge 28 x\pl. 09. 


Fourteenth. Brood. 


36,000 eggs laid 3 May 09. Hatched 10 May 09. (90 per cent, hatched.) 
1st Moult 12th May. 

2nd „ 14th, 15th May, 

3rd „ 18th, 19th „ 

4th „ 21st, 22nd „ 
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Brought forward. 

spinning— 5,700 27th May. 

8,350 28th „ 

3,400 29th 
3,050 30th „ 

1,272 31st „ 

346 1st June. 

170 2nd „ 

100 3rd 
60 4th „ 

20 5th 

Total 22,408 

Weight of pierced cocoons, 7 seers 9 ch. ; 30 per cent, worms 
died, of which 800 at and 2,800 after second moult. Average tem- 
perature, maximum in shade for May 1909, 102*0, limnidity 
64 per cent. This brood was from the stock that had come through 
the cold weather and previous rains. 

Fifteenth Brood. 

165,000 eggs kept. 90 per cent, hatched. 

There was a very serious shortage of leaf, and leaf was brought 
many miles and in irregular quantity. ^ 

Eggs laid 14th to 18th June. 

„ hatched 22nd, 23rd, 24th June. 

Spinning began 7th July. 

The mortality on eight consecutive days of spinning was 



In all— 79,245 died, 68,340 spun. 

The deaths were due to inability to spin at the proper time owing 
to insufficient food during the last stage. 


LEPROY and GHOSH. 


63 


Sixteenth Brood. 

Eggs laid 27tli July to 4t}i August. 

Eggs liatched 2nd August to llth August. 
Worms spun 17th. to 25tli August. 

Of 26,000 worms hatched, 23,973 spun cocoon. 
New (M) Brood . — ^A second lot was started with outside seed— 
Eggs laid 19th July. 

,, hatched 25th July, 

Worms spun 10th August. 

Of 4,500 hatched, 4,242 spun cocoons. ' 

We?/,' (J5) /ifoori. —Eggs laid 23rd to 26th July. 

,, hatched 29th July to 1st August. 

Worms spun from 13th August. 

Of 30,000 hatched, 28,206 spun. 


Seventeenth Brood. 

Eggs laid 16th September. 

Eggs hatched 23rd September. 
1st Moult 25th „ 

2nd ,, 

3rd „ 3C^ „ 

4th „ 3rd October. 

Spun 7th 


t,000 worms, 04 per cent, died, and 8,700 spun. There was an outbreak of diserse. 

i’econd i¥. Rrood— Eggs laid 29th to .Slst August. 

„ hatched 5th to 7th September. 

1st Moult 7th September. 

2nd „ 10 th „ 

3rd ,, 13th „ 

4th „ 16th 

Spun 19th „ 

Of 30,000 worms, 26,727 spun cocoons. 

Second B. R/’ood.— Eggs laid 7th September. 

,, hatched 13t.h ,, 

1st Moult 15th „ 

2nd „ 19th 

3rd „ ^ 22nd „ 

4th „ 25th „ 

Spun 27th onwards. ' 

01 18,000 hatched worms, 16,655 spun cocoons. 
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Third M. 

„ hatched 16th' „ 

1st Moult 18th „ 

2nd 21st „ 

Sx-a „ 2r)th „ 

4th „ 29th „ 

Spinning began 2nd Novcmbei", 

Of 22, ”>00 worms hatched, 15,234 spun cocoons. 

After this hrood no definite records of this kind were kept and 
the worms have continued in regular broods ; owing to the distribu- 
tion of seed and the mixuig of other seed, the course of the regular 
l)roods has not been kept up, and we have three or four broods going 
on at once. The biggest single hrood reared has been one of about 
1 60.000, and that is the full capacity of the rearing house. 

Labour for Bearing. 

From April 1907 to December 1908 (21 months), about 100 
seers of pierced cocoons were produced. For producing this 
quantity of silk there have been absolutely necessary about 950 
cooly days (including care of eggs, rearing of the worms, cleaning 
and sorting of the cocoons amLiRhicking leaves from plots near 
bv ; excluding getting leaves from other villages and a night 

watchman if separately necessary). 

With this may be compared the figures of the two big broods 
reared at Pusa (including"‘?tT4 excluding the items as in the above).— 

(1) . For one brcoa^^ni^ng 69 ^ys-from the first day of 

oviposition till the cleai!Trfg“and sorting of the pierced 
cocoons, and yielding about 19 seers of pierced cocoons ; 
absolutely necessary, 240 cooly days. In this brood 
the mortality was unusually high at the time of 
spinning ; had it not been for this about 30 seers of 
cocoons would have been secured. 

(2) . The second brood occupied about 7 9 days ; yielded al) on t 

I Tnaund of pierced cocoons. Absolutely necessary, 
about 300 cooly days. 


DISEASE, INFLUENCE OF CLIMATE, Etc. 

Before discussing thus point, we may recapitulate briefly the ex- 
perience obtained atPusa with individual broods. The first brood 
was from the 31st March to 14th May ; it was healthy and did well ; 
it must be noted that the seed was direct from Assam. The next 
brood was from 14th May to about 24th J une. The cocoons were 
small but the worms and moths healthy. The third brood was 
from the end of June to the 10th August ; about 6 per cent, of 
moths did not emerge, and .S per cent. died. The cocoons were 
larger. The fourth brood carried on into September and 40 per 
cent, of worms died before the first moult, 3 per cent, at maturity 
and 2 per cent, failed to spin. The fifth brood went on into 
November and nearly 60 per cent, of the worms died, while there 
was very great overcrowding, and the leaf was brought long dis- 
tances as none was available. The cocoons were also small and 
poor (usually they are large at this season). The next w'ent 
through the cold months ; to get eggs, the cocoons were artificially 
kept warm. The brood from these eggs was had, 12 per cent, of 
the eggs not hatching, and only about fifty per cent, spinning in 
one lot, and in all the percentage was about this. The seventh 
brood was still worse, about 35 per cent, of cocoons being got in 
one lot, and 60 per cent, in another. The weather was now 
warminvup, dry west winds blowing. The next brood gave 
about 76 per cent, of cocoons, but the produce from it m the first 
stage was annihilated by the dry hot west winds presumably, act- 
ing upon the eggs produced from disease. It must also be re- 
membered that the whole broods were the descendants of .seven 
couples of moths originally. In the ninth brood from &esh seed, 
- we got 80 per cent, of copoons and 7B per cent. ; this oocmiing 
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fhiring July: the tenth brood gave eighty per cent., the next in 
September gave over 75 per cent., and the following oneinNovein- 
ber-December only 50 per cent. 

In Puaa, the minimnm temperature during December oscil- 
lates in the forties and so far as can be seen, this is the most serious 
factor. If worms are coming on to spin during times when the 
temperature falls below 50° F., then it is likely that many worms 
will die. On the other hand, temperatures above 105' F. are also 
injurious, but more to the quality than to the output of (mcooiis. 
The ideal conditions seem to lie in temperatures between 60 and 
90, possible conditions between 50 and 100, and difficult condi- 
tions, necessitating great care, when the temperature goes for an}- 
long period over 100, or under 50. The last is especially serious 
in the case of worms spinning or moths emerging ; worms require 
a temperature of over 60'' F., preferably over 70° F., for three days, 
in which to spin ; moths require the same in order to couple. At 
no other stage is cold serious : with a minimum temperature of 
under 50“ F., the pupae remain healthy in the cocoons, the 
eggs remain healthy and do not hatch, and the young worms re- 
main healthy, feeding little ; but if cold overtakes worms spinning, 
or moths coupling and egg-laying, the temperature must be kept 
up to 70° F. at least, and if possible up to 76° F. for three days. 

AVe give here the mean monthly temperatures at Pusa, re- 
corded by the Imperial Agricultural Chemist during the whole 
time we have been rearing eri silk, so as to afford data for com- 
paring any district with Pusa, for which records of broods are 
given above. The humidity is taken at 8 a.m. 





Mean TEMEEiUTmiES, 

Mokths. 









Maximum. 

Minimum. 

Humidity, 

May, 1906 



98-6 

76 '2 


June, „ 

July.. » 



96-5 

i 78-4 I 

78-9 0/,, 



1 90-9 

i 79-9 

88% 

88% 

August, „ 



i 87*0 

' 78-5 

September. ,» . • 



91-4 

79-4 , 

83% 
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MEAis' Temperatures. 


October, 

November, 

December, 

, January, 
February. 
\Tarch, 

Aljrii, 

May, 

June, 

July, 

August, 

September, 

October, 

November, 

December. 

January 

February, 

March, 

April, 

May, 

June. 

July, 

August, 

September, 

October, 

November. 

December. 

January, 

February. 

March, 

April, 

May, 

June, 

July, 

August, 

September, 

October, 

November, 

December, 



Months. 



Maximum. 

Jlinimuui . 

Humidity. 

190U 




SS-7 

83 '5 

72-3 

59-9 

83% 

81 

•- 





51-0 

S8% 

1907 





■■ 51*4. 

53-4 

S8“o 

” 





57-1 

74% 

65*^0 





92-3 

66 -4 





98-0 

73*5 . 

64% 





93-2 

78-0 

82‘\, 





87-9 

78-7 

92‘lt 





89 ‘7 

79-0 

88% 

,■ 




90-6 

77-2 

89% 

” 




90‘2 

70-3 

85«u 





84-7 

58-3 

83% 






48-85 

81“<, 

lOOS 




mu 

77-3 

45-9 

51*9 

820.0 





90-4 

58-6 

J7% 





i03-9 

72-3 

52% 





100-8 

75‘5 

890,0 





98-7 

79-7 

780o 

840,0 





93-0 

79-3 





93-8 

78-3 

84% 





93-2 

77*05 

85% 





93-08 

66-07 

71 °„ 





86-2 

53-8 

72% 





78-6 

45-1 

82% 

1909 




78*6 

48-1 

77% 




. 82-6 

■ 47-9 

670o 





97-0 

59-7 

■ 33O0 

,, 




94-3 

68-6 

670/0 

» 




102*6 

75*4 

640,0 





91*5 

i 77-6 

86% 





90*8 

; 79-2 

860/0 





88*1 

90*7 

77- 7 

78- 2 

86% 

85% 

,, 




89*0 

69-3 

830/0 

„ 




84*6 

; 58*8 

840.;, 

” 




1 75*9 

1 

1 50*0 

1 . 

910.;, 


In the following list of localities the months axe given m 
which the mean maximum is over 100° F., and we take those 
months to be imsuited to rearing, as also the months when the 
minimum is below 50° F., as then the worms will develop slowly, 
will not easily spin cocoons and the moths will not couple. In 
the latter case either the young worms or tlie pupse in the 
cocoons must be expected to rest, or if there are worms spinning 
or moths emerging, the house must be warmed and kept at a 
temperature of 70° F., if possible. These months are therefore not 
well suited to extensive rearing. 


The teinpei'ature figureH are taken from Vol. XVH of the 
Indian Meteorological Memoirs and are stated to he usually avei- 
ages of 25 years, in no case leas than ten years. 


Ohitfcagon<^ 

Silcliar 

Barisal 

NarayaiiganJ 

Mynionsiugh 

Sangor Island 

('lalavitta 

.1 essnre 

Berhainijore .. April 100''. 

Bogra 


Sibsagar 

Dhnlii-i 

Burclwan 

Patna 

(laya 

Benares 

.'Jalpaiguri 

Dinajpiir 

Purnea 

Darbhanga 

Gorakhijnr 

Bahi’aieh 

Bareilly 

Roorkee 

Umba.ll a 

Ludhiana 


.latuiary 40 M. 

April 100-6. 

April 100-6, May 100-2. 

April 103-4,, May 104*9, (June 99*6). 

April 103*1, May 105*5, June lOO'l, December 48*2, January 48*2. 

January 49*4. 

January 48*.3, December 49*7, 

(Pusa is in this' District, hut records lower minima and higher 
maxima). 

April 100*4, May 101*0, January 49*2. 

May 10.3*0, (April 99*6), December 48*0, Jamrary 47*l, 

(April 99*3), May 103*2, (June 99*7), December 46*0, January 46*1, 
ll'ebruary 49*7. 

(April 98*2), May 102*8, June lOO’J, November 49*8, December 
43*5, January 44*4. February 47*7. 

May 105*2, June 101*4, December 43*5, .lanuary 43*3, February 
47*8. 

May 104*4, June 104*8, December 44*0, January 44*3, February 


Rawalpindi 

Dehra Dun 

Allahabad 

Lucknow 

Cawnpore 

Mainpuri 

Agra 

Meerut 

Delhi 

Lahore 

Peshawar 


47*. 5. 

May 103*1, June 105*5, November 49*9, December 42*5, January 
42*8, February 46*1. 

June 102-8, November 43-3, December 37 ‘1, January 37 ’9, Feb- 
ruary 41*4. 

December 45-6, January 44’8, February 47-0. 

April 103-8, May 107, June lOl'V, December 47-8, January 47 ‘9. 
April 102*4, May 105*0, June 100*5, December 46 '2, January 46*7. 
April 102*2, May 106’2, June 101*1, December 47-6, January 47'l. 
April 102*5, May 107*5, June 101*2, December 47*3, January 46*1. 
April 102*6, May 107*2, Juno 104*3, December 48*8, January 48*6. 
May 103, June 100*6, December 44*7, January 45*0, February 48*4, 
May 104*7, June 103*2, December 48*9, January 47*9. 

(April 108*2), May 105*7, June 107*4, July 100*6, November 46*8, 
December 40*3, January 40*7, February 44*1. 

.lune 105*9, July 102*9, (Augirst 99*2), November 45*1, December 
39*0, January 39*6, February 42*6, 


Letkoy and chosk. 


Dehra lamaiJ Kliau 

.\Jontgoinery 

Mviltaa 

iSirsa 

Hikaneer 

Pachpadra 

Karachi 

Hyderabad (Sind) 
Jaoobabad 

Quetta 

Ghanian 

'.rrivandrum 

Cochin 

Calicut 

Mangalore 

Mereara 

Karwar 

Goa 

Marmugoa 

Ratnagiri 

Bombay 

Surat 

Bhavnagar 

Veraval 

Rajkot 

BhuJ 

Ahmedabad 

Deesa 

Tinnevelly 

Madura 

Trichinopoly 

Coimbatore 

Salem 

Mysore 

Bangalore 

Hassan 

Chitaldroog 

Cuddapah 

Kurnool 

Bcllary 

Raichur 

Hyderabad ( Deccan) 

Gulbarga 

Belgauni 

Bijapur 

Sholapur 


m 

May 104-2, June lOS'O, July iO:!’-!, August lUl'l. September 10OT>. 
November 47 ’0, December 40-1, Januai-y 40'4, February 44'!). 

April lOO'l, May lOS'S, June llO-O, July 104'7. August 102'0. Sep- 
tember 101*7, December 43'0, January 42'2, February 4(>'4. 

May 106*6, June 107*8, July 103*8, August 100'7, September 100*3, 
December 44*4, January 43*3, February 47*6. 

April 101*1, May 107*2, June 106*7, July lOO’A November 40*r>, 
December 42*7, January 43*1, February 46*8. 

April 101*3, May 107*1, June 106*5, July 100*4, January 4!)*4. 

April 106*3, May 107*8, June 105*7, Deeember 46*3, January, 
45*1, February 48*9. 

April 102*7, May 106*9, June 104*2. 

April 103*1, May 111*6, June 112*7, July 107*8, August 103*8, 
September 103*5, December 44*0, January 43*3, February 48'5- 

September 49*5, October 38*3, November 32*1, December 29*7, 
January 29*3, February 31*7. March 40*0, April 46*3. 

June 100*2, July 101*5. 


April 100*1. 

April 100*8, May 102*9. 

April 102*8, May 105*4, (June 99*8). 
April 101*0, May 101*3. 

April 105*4, May 107*1, (June. 99*4). 
April 104*2, May 106*7, June 101*9. 
April 100-4. 

April 100*1. 

April lOri, May 101*8, {Juno 90*0). 
April 100*7. 


. March 101*7, April 105*2, May 106*3, June lOO'A 
. March 100*9, April 103*6, May 104*8. 

. March 100*3, April 103*4, .Mfiy 102*4. 

. April 102*1, May 103*4. 

. April 102*0, May 103*8. 

(March 99*2), April 103*2, May 104*8. 

. (April 99*8), May 100*3. 

. March 100*4, April 104*8, May 104*8. 



Poona 

Ahniedna^a r 

Malegaon 

Biiidano 

Chikalda. 

Akola 

Avrvi’aoti 

KhanrhvM 

Nagpur 

[iKlore 

Ncemuf'h 

Ajmero 

Sambhav 

Jaipur 

Saugor 

Sutna 

Nowgong 

Jhansi 

Boshaiigabad 

Paohmarhi 

■Tubbulpore 

Sepni 

Chanda 

Raipur 

Sambalpur 

Chaibassa 

Ranchi 

Hazaribagh 

BalaRore 

OuttaoU 

Gopalpur 

Waltair 

Oocanada 

Masnlipatain 

Nellore 

Madras 

Cuddalore 

Negapataiu 


April 101-6, (Ma,y 99-2). 

(April 98-9, May 99-4). 

April 103-2, May 104-0. 

April 100, May 101-1. 

(March 99-21, April 106*0, May 107-7. 

(March 98-1), April 105-0, May 107-7. 

.April 104-8, May 106-5. 

April 105 - 5 , May 109-3, (June 98-3). 

April 100-6. .May 102-S. December 49*3, January 49-S. 

.April lOO'O, May 104, December 49-5, January 48-7. 

(.April 99-3), .May 103-8, June l00-;>. December 4,5-6. January 45-.5. 
February 49-4. 

April 100-4. May 105-1. June 102-3. December 40-3, January 45-4. 
February 49*7. 

Api-il 101 - 7 , May lOO-fi, June 102-5. December 49'], January 48. 
April 101 '5, May 105 '1. 

April lOi'7, May 105'5, December 47*1. January 47'6. 

April 103'4, May 107'4, June lOl'O, December 4(5-4. January 47. 
April 104-2, May 108-2, June 102-8. 

April 104 '8, May 107 '6. 

December 45*7, January 47 '5. 

April 102, Alay 105'6, December 40, January 48. 

April lOl'l, May 103'9, December 49'8. 

April lOO'o, May 109'5, (June 98’5). 

April 104-3, May 107-4. 

April 104-3, .May lOO'O. 

April 103-6, ATay 105-1. 

(Jlay 99-6). 

(May 99-2). 

April 102, May lOl'O. 


May 100-7. 

May 100-1. 

.April lOO'O, May 106, June 101-8. 


!3iSEAS]5. 

Examina,tioD of tlie i-ecoi“<fs of broods aboA^e. will sbow' that 
there were periods when large niiinbers of worms died. These ar<' 
attributed to want of leaf or bad leaf or to bad management, but 
are in tlie end directly due to disease, brought on by bad manage- 
ment. Tt is said that eri silkworms suffer from the diseases of 
mulberry silkworms, viz., pebrine, llacberie, grasserie, rauscardine. 
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We note below concerning these, but fiacherie cts such does not exist 
in eri nor could it ; flacherie in mulberry silkworms is stated to be 
connected with Slreptococcus and Vibrio from the mulberry leaf 
or at any rate with bacilli living in mulberry leaf in the insect’s 
stomach. A disease of a similar nature connected perhaps with 
the castor leaf occurs in eri; we may call this flacherie but 
this must inevitably give rise to confusion. We prefer to call it 
bacillar disease,’' as conveying at least a definite idea apart 
from flacherie and associating the name with one symptom. This 
disease is being investigated at present by the Imperial Agricul- 
tural Bacteriologist, Mr. C. M. Hutchinson. We do not propose to 
deal with it here, but to discuss it in a later publication. 

Pebrine. 

In one brood, worms died with symptoms pointing to pebrine. 
The presence of pebrine was suspected by Dr. Butler and was con- 
firmed by the examination of worms and moths by Mr. MacNa- 
niara, Assistant Director of Sericulture, Kashmir. The disease 
has not assumed any real imj)ortance and we have not as yet found 
any necessity for microscopic examination of moths. 

Muscardine. 

In one lot of worms from seed imported from another locality, 
the worms died from a disease showing the symptoms of. Muscar- 
dine ; this is the only occasion on which this disease has appeared 
and it did not affect othei* broods going on at the same time. Dis- 
infection of all trays and baskets is the important thing in this 
case. 

The Fly Parasite. 

The most important enemy to this silkworm is the parasite, 
a, .fly of the family TacJdnidw whose maggot lives in the worm and 
destroys it. This insect is at present limited in its distribution and 
it would be extremely unwise to introduce it to new localities. 
Cocoons should never be obtained, but eggs ; the eggs cannot carry 
parasites, only the worms or cocoons can do so, and we would most 


strongly urge that, if seed is required to commence or to iiivigoi'' 
ale, only healthy eggs should be obtained and never cocoons. 
In any case it is unwise to import cocoons from Assam at all, as 
they are obtainable from other parts of India where the parasite 
does not occur. 

Other Enemies. 

Hats are determined destroyers of the eri silk insect in ail 
stages, and if the worms are being reared in an infested building, 
precautions are required. A plentiful use of traps and rat-poisons 
is usually sufficient ; the cocoons before emergence of the moth are 
specially attacked and they may require to be kept in closed baskets 
hung from a string. 

Ants a]*e fond of the young worms and the legs of the maclians 
may require to be tarred or smeared with Crude Oil Emulsion, 
which effectively keeps off ants. 

In one case it was found that bats came in at night and cut 
the cocoons, feeding on the pupa ; this is only to be avoided by 
preventing access of bats at all. 

The Importance of Disease. 

Until eri silk has been cultivated on a large scale for a longer 
period, the importance of disease cannot be estimated. We have 
had outbreaks of all forms of disease in one brood or another of 
several going on together, but not in all at one time. Rearers in 
Tirhoot have lost worms from disease, but in almost all cases bad 
feeding, bringing leaf long distances, or some other irregularity 
may have been the predisposing cause ; there is little real infor- 
mation about the diseases of eri silkworms and the names of the 
disease of mulberry silkworms, most like that from which the eri 
worms arc siifl’ering, are used rather indiscriminately to denote 
what may be quite different diseases in eri silk. So far as our ex- 
perience goes up to now, with proper feeding, clean trays, proper 
spinning methods, disease is not very important unless the climatic 
conditions are really unsuitable ; if very dry hot w^eather sets in 
with a dry wind full of dust, disease may overcome the worms and the 
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mortality iiiay be veiy large. So also witli worms in the last stage, 
and at spinning if the teinperature is below 60" ]^\ indoors. On the 
other hand, wc have not had long enough experience to tell ]*eally 
how far disease is important and the question will have to be kept 
■111 view. We would recommend all reareru to have their names and 
addresses registered for exchange of seed ; a register is maintained at 
Pusa of ail rearers known to us and so far as possible we arrange 
for exchange of seed between rearers in different localities. 

In this connection the following circular has been issued 

Rei Seed Supply. 

An essential feature of good rearing is the exchange of seed 
and renewal of the stock from some distant place. Arrangements 
-have been made for seed supply from several places ; as the demand 
for seed is fluctuating and not easy to arrange, it is essential to get 
the co-operation of as many rearers as possible. We propose to 
arrange as far as possible for the following : — 

(1) Seed supply at fixed prices from certain centres. 

(-j) Itegister names of those who will want seed and the times 
they will want it. 

(3) Eegister those willing to supply seed, either at a fixed rate 
or by exchange with a rearer in another place. 

The rate proposed for the sale of seed is as follows : — 

200 
nOO 
1,000 

5,000 
10,000 

16.000 ( I oz, 

32.000 (2 oz. ) 

those who are prepared to enter into this arrangement should 
(1) agree to the above scale ; (2) inform me in advance when they 
expect to have surplus seed for sale ; (3) inform me in advance 
when they expect to have surplus seed that they wish to exchange : 

(4) inform me in advance when they wdl want to purchase seed ; 

(5) inform me at once if they wish to have a fresh supply of seed 
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every year at one season and expect to have surplus seed every 
year at another season. 

Tire benefit of these arrangements to rearei’s will be great : 
in the first place, all rearers in some districts will want seed in -Inly 
and will have vsurplus seed in March : other’s will want seed in March 
and liave surplus seed in July-August ; large I'earers will ha.v<' 
lar'ge surpluses of eggs for sale at different seasons and in some local- 
ities seed can be obtained and is required at ull times; another 
benelit will lie in exchanging seed from widely separated localities, 
e.f/.. G-iijarat and Behar, South India and North India, etc. 

Pusa can no longer supply all the seed, but if rearers desirous 
of coming into this arrangement will register their names, require- 
ments and outturn of surplus seed, we will endeavour to put those 
requiring seed into touch with those supplying it. 

In this coimectioii, we would draw very special attention to 
the fact that many reai’ers, beginning from a, good healthy stock, 
have in a few broods got disease, while other rearers with the same 
stock, have not had disease. \¥e believe this to be wholly due to 
bad and good feeding respectively ; and as a general rule with those 
who have started rearing eri silk during the last year, those who 
have fed often, giving good leaf in good condition at frequent inter- 
vals; have produced fine cocoons and a healthy stock, while those 
who have fed badly or have been careless have very largely had 
their stocks wiped out by disease. 

In the Pusa rearings given above, the serious shortages of leaf 
have always led to large outbreaks of disease, and comparing these 
broods with, broods of othei’ places who got their seed from Pusa , 
there has been a marked superiority in the cocoons from reai-ers 
outside and they have also produced a far finer stock. 

In Assam, where eri silk-rearing is geneml, there is much 
disease, but the industry is a subsidiary cottage one ajid disease 
does not matter very much. Also it must be remembered that the 
loss of the worms is far less important than with other kinds of 
silkworm, as in eri all the moths can be allowed to lay eggs without 
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loss of cocoons, whereas every moth allowed to emerge in tasar or 
niiilbeny silk means a cocoon unreel able . 

Results obtained by rearers who have obtained seed from 
Pusa have varied immensely ; some have been quite successful, 
some have failed ; our own experience has been that eri silkworms 
a, re far more difficult to rear than mulberry silkworms, doing the 
two side by side in the same rearing house, so that there is either 
an inherent difl'erence in the species or something vitally wrong in 
the food, the conditions or -some treatment or else the disease is 
the important factor. The last is the controlling factor at present, 
and until it has been worked out, we must anticipate losses from 
disease and renew our seed periodically, ceasing cultivation alto- 
gether when the want of leaf, bad leaf or adverse chmatic condi- 
tions compel us to. 

It has been seen that climatic conditions have much to do 
with whether disease will prevail at all. The same stock which 
suffers badly from disease in April and May gives good results in 
July-August. On several occasions a number of worms has been 
picked out of a lot, diseased and dying in April-May and kept in a 
humid condition. They have been successfully reared, although 
some of them have been fed with leaves soaked in the juice of the 
body of diseased and dead worms. If the climatic conditions are 
favourable, the 'worms will normally resist the disease provided 
proper conditions of management and food- supply are kept up. 


TKEATM.ENT OF COC^OONB. 

Rkicling, Clkaning, Boiling off, Caiu)IN(^ Spinning, Weaving, 
Bleaching, Dyking. 

REELiTsra. 

It lias been assumed in the past that ei;i, being an open cocoon, 
could not be reeled. There are two reasons given for this : one 
that the thread is not continuous, ending constantly at the open 
mouth ; the other that the cocoon being open, will, when placed in 
hot water for reeling, fill with water and sink, rendering -reeling, as 
ordinarily practised, difficult. The latter objection can be over- 
come by putting the cocoons on wire gauze in the boiling water so 
as to keep them always at the right level; the former is actually 
not valid, as the thread does not end at the mouth, which is closed 
with loops. The cocoon is, however, different in fundamental 
structure from other cocoons and we have seen experienced 
reelers fail to reel it. 

With mulberry and tasar cocoons, the thread caai be reeled 
ofi in a length of 500 to 700 yards, provided the end can be found ; 
a large part of the cocoon is practically homogeneous, formed of 
one thread going round and round, and more or less continuous. 
In eri silk, the cocoon is composed of (.1) the cradle, (2) a number 
of detachable layers, from three to seven, (3) an inner layer where 
the thread weakens ofi’ and is much covered and cemented with 
gum forming a shiny smooth layer. Instead of being a perfect oval 
with both ends alike and hard, one end is hard and even, the other 
is open and loose; there are also “ patches,” where a piece woven 
closely and not in circles round, is detached as a tangle. In 
actual reeling, the thread comes oif for a time, thou picks up a 
number of others or works under a patch and brings it off as a 
tangle. Actual threads as long as 20 feet can he readily got 
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ofT a layer, hut sooner or later several threads foul, or a patch ’’ 
comes off. We do not believe that reeling, as done usually, is 
possible for these reasons ; the worm does not spin its cocoon as 
the mulberry worm does ; it makes the cradle ; then it makes 
layers (usually seven or eight) with rests between ; it spins 
loops at the mouth, but circles or ovals at the closed end ; it 
strengthens spots of the cocoon with discontinuous patches. 
It is, of course, impossible to see what goes on in the cocoon 
after a (‘ertain point, but from an examination of very many f.-ocoons 
treated in diiferent ways, we do not believe that, in the ordiimry 
way, the cocoons can be reeled. Whether a system of reelijig can 
be devised by experts in reeling ren).ains to be seen, but we believe 
that reeling, as now practised, cannot be applied to this cocoon, 
whether to cocoons from w^hich the moths have emerged or to 
cocoons fTom -which the moth has not emerged and in which the 
chrysalis has. been stifled. Nor is it likely that reeling, if possible 
by experts, could ever be simplified so that it could be done cheaply 
and with ordinary labour. 

Another factor in reeling is tliis ; in mulberry silk, the gum 
of the silk -is softened in hot water and as the fibre from each cocoon 
joins the others at the eye, they consolidate into one thread, the 
gum on the fibre uniting them as it cools and dries. In eri silk, 
the fibres, after passing through the eye, separate cigain, the gum 
not uniting them as in mulberry silk. The physical properties of 
eri silk are very different from mulberry silk [as also from tasar 
silk] and the chemical composition of the gum is evidently different, 
as will be seen when cocoons are boiled. 

Cleaning Cocoons. 

" When the moth emerges from the cocoon, it leaves behind it 
the empty pupal skin as well as the old dried caterpillar skin. If 
the cocoons are carded, these remains get broken up, mixed wdth 
the .silk and have to be removed by special methods. If the cocoons 
are used for spinning, the spinner must use care to avoid spinning 
in fragments, must waste the inner layer of the cocoon, and, in 
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. fnv doinf^ so has been d^sco^^.^‘ed. 

' . ulboiJ cocoon iB taken in the fingers and a tapemg 

r S suck as the hairdle of a long penholder is presses! 
piece of wood, su through the 

against the: Mose en^ ^ t^^^^^d ,11 the 

open end and ttic obtamed. Hus is 

aw ;; V/„a, process ; the principle and machines 

the principle unplo) inventor, Mr. U. W. tknyton. 

for doing it have hit l Hgcrihed, it is exce.ssively tedious 

. one The working of the latter machme is this . 
hand or power 7' /;^;'“^'ube. after its mouth has been 
each cocoon is placed p,^.^^a onan inclined shoot on the 

slightly opened. T1 ' , , , to the right. They 

machine with the open ^ .^vorhs ' each cartridge comes 

1"” r: s X s iw X le.' w -ii -0-. 

Xor.« “ •'» “ “ “xxt: 

,«i. ..... 7;^"*; *:E X’a il 7L. 

Txrp-- ....... !»>.>.* i*. a- 

Xii tub. p"*« » “» 7 “f”*" Xh,h“.X.X!' “X.' .r. 

;2.ti «p-»7 - 

iv, 1 nt on the left through which comes a small steel rod, w i c 

loon inside out, pushing it right through the 
r Tfd it through revolving brushes and through a plate, wheit. 

Tf Ihe machine. The rod returns to the left, clear of the cartridges 

which fall through into another shoot. MeanwWe another cncoon 

has come down above and been provided with its mnei tube. . 
Lh cycle one cocoon gets its tube, another gets pushed out and so 
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Cocoon being pushed 
through 


Cocoon being cleaned 
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Reversing rodreturnimo 
Cocoon falling off 



Tubes fall 


OUT 



Diagram of Cokyton’b Cocoon Reversing Machine (gauge Wohel). 
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OJL By simply feerliiig large tubes containing cocoons down one 
shoot, small empty tubes down anotlier and turning a handle, 
cleaned cocoons are turned out at the rate of 30 to 00 per minute. 

The same inventor has devised a simple apparatus for elf ec ting 
the same thing in a simpler luaimer suited to the small grower and 
recjuiring no elaborate apparatus. The machine consists of a fixed 
expander, through wiiich is pushed a brass tube fitted inside with 
a spring ; opposite is a fixed steel rod which strikes against the 
(dosed end of the cocoon and reverses it while entering the tuh.e. 
I. he spring pushes out the cocoon as the tube is drawn back. 

To prevent the cocoon striking on the rod, a swinging fork 
jmshes it off as the tube is drawn back, the fork being weighted 
below. For this machine, dry, well-opened cocoons are essential. 
The instructions given below sufftciimtlv exiilain the machine. 



INSTEIICTIONS FOR ERECTING AND WORKING 
Coeyton’s patent Eei Silk cocoon reverser. (Fig. 10.) 
Model IL 


Object/ of the MacMne. \ 

Whop emerging fi-om the cocoon through the aperture left in 
it by the catej'pillar when spinning, the Eri Silk Moth leaves behind 
it inside the cocoon the skin of the pupa, also often some excrement 
and other foreign matter. 

If this extraneous matter is not removed prior to boiling the 
cocoons to degum them, not only is the silk discoloured but the 
pupal skin, etc., becomes entangled with the silk and causes a 
considerable quantity of waste when cleaning. 

The object of this machine is primarily to reverse the cocoon 
before it is boiled, and so clean it. In this condition, all foreign 
matter can be easily freed from the parchment-like skin that forms 
the inner lining of the cocoon. Secondarily, to afford buyers of 
cocoons a certainty that they are buying silk and silk only. When 
a demand for these cocoons arises, growers may try to increase 
their profits by killing the moths before they emerge and thus 
increase the weight of the cocoon. < 

Buyers would do well by themselves to hire these machines 
out to the native growers and insist on purchasing reversed 
cocoons only. 

To erect the mmhine. 

Take the machine out of the box in which it and a pair of 
stretchers are packed. 

Place the wooden stand “ A ” so that the slot “ B ” in the 
top cross bar “ C ‘ ’ is closer to the leg that is fuihliei* away from 
where the operator is to sit, 



SCALE - 12 INCHES 
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Diagram to show action op Cobyton’s- Cocoon Ri 
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Bury tiie legs of the stand so that the lower cross bar ‘ ‘ D ’ ' 
is at ground level. Ram earth round the legs to keep the machine 
firm. 

Place the casting E ” on the stand, seeing that the slot in 
the casting and cross bar of the frame coincide and secure by the 
bolts K. K. to the stand. 

If correctly fixed, the expander ‘ ‘ E ’ ’ will be towards the oper- 
ator (pointing away from him) and the reversing point * ' G 
further away and pointing towards him. 

Pass the forked brass pendnlnm H ” through the slot, the 
fork passing on either side of the point “ G.” Pivot on the pin 
‘‘ J ” passed right through the casting and top cross bar. 

Hang on the pendnlnm weight '' P.” The pendulum should 
swing freely. Push the brass tube “ L ” about 2" into the Ex- 
pander ‘ ‘ E ” and adjust the cord ‘ ' N ” to prevent the tube L ^ ’ 
being drawn too far back after each operation. 

A small amount of oil may be applied to the tube with advan- 
tage. 

The machine is now ready for use- Two points must be es- 
pecially noticed before it is attempted to reverse the cocoons . 

(a) The cocoon must he dry. 

(b) The cocoons must be pierced and the moth emerged 
from them. 

To operate the maehine. 

Take the cocoon between the first finger and thumb of both 
hands and open the passage made by the moth when emerging 
from the cocoon. 

Insert half way down the cocoon the stretchers (sent with 
every machine) — and open the mouth of the cocoon as much as 
the stretchers will allow. 

Place the cocoon on the points of the expander taking care 
that the expander is not inserted more than frds of the way down 
the cocoon, 
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Piivsli home the brass tube by applying pressure on the paiin- 
piate and the cocoon will be pushed ofi the expanding points and 
on meeting the reversing pin “G' ’ will disappear up the tube "L. ' ' 
Draw the tube back again to the full extent of the cord and the co- 
coon, now reversed, will be ejected oil the reversing point (Fig. 11). 



Occasionally an extra large cocoon sticks in the tube. A 
small bit of bamboo the thickness of a lead pencil if inserted in the 
back of the tube stimulates into action the ejecting spring which 
is inside the brass tube. 


BOILING OFF. 

The thread of the cocoon consists of a core of fibroin, and a 
covering of sericin or gum ; the latter causes the threads to adhere 


and to form the close texture of the inner layer of the cocoon. 
Before spinning the threads, the gum must be dissolved siifficieiitly 
to free the threads. This is done by treatment with a weak alkali. 
The ordinary practice in Assam is to take sufficient water to cover 
the cocoons, to dissolve in it a weight of castor ash equal to the 
weight of silk and then to boil till the cocoons are soft throughout. 
To p7?eveiit entanglement of the cocoons they are placed in a cloth, 
not directly into the liquid. Castor ash was analysed 

Ash for the saponification and cleaning of Silk. 

Water soluble portion contains practically nothing but a 
mixture of the Sulphates and Chlorides of Magnesium and Potas- 
sium together with 28 * 3 % of Potassium Carbonate. In order to 
replace its use as a saponifying agent by that of a pure salt, use 
equivalent proportion of Potassium Carbonate. Since, however? 
Potassium Carbonate K,, COg is very deliquescent, it will be 
necessary to first analyse the ordinary commercial Potassium 
Carbonate before using, then use in the proportion indicated by 
the above analysis.'" 

A number of experiments were made to determine if ordinary 
soda (Sodium Carbonate) could not be used, as the crude ash is 
dirty and impure. The following are results of trials 

I. iSilk 100 grains. 

Soda 12| grains. 

Water 200 e.c. 

Boiled for 25 minutes, 

II. Silk 30 grains. 

Soda 7:^ grains. 

Water 100 c.e. 

Boiled for 15 miimte.s. 

in. Silk 30 graias. 

Soda 15 grains. 

Water 100 o.c. 

Boiled for 10 minutes. 

IV. Silk 30 graias. 

Soda 30 grains. 

Water 100 c.c. 

Boiled for 10 minutes. 

V, Silk 30 graias. 

Soda 45 grains. 

Water 100 c.c. 

Boiled for 5 minutes, 


Unsati.sfaetory. 


Quite satisfactory. 


Not good. 


1 Quite satii 


Quite satisfactory. 
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V I. Half a seer and not more pierced cocoons can be conveniently boiled in a 

tin. Half a seer of castor ashes necessary with 2 gallons (/.e., half a tin) of 
for this weight of silk. Boiled for from 45 minutes to 1 hour. 

\ pound soda. 

2 gallons water. I 

In this cocoons soaked first and then tied in a i>iece of cloth (as 
ashes) and then the cocoons boiled. Some loose cocoons A^'cre also 
with the bundle to see when the gum of these loose cocoons would 
pletely dissolved; it Avas dissolved after full half au hour’s boil (compare, 
expt. II). The bundle Avas boiled for 45 minutes so that the action of 
soda Avould be perfect even on the innermost cocoons in the bundle. This 
gave a perfectly satisfactory result. This experiment Avas identically the 
same as II, but the results Avere so different on account of the quantity of the 
cocoon and water. 

-1- seer of cocoons. j 

J seer of soda. V 

2 gallons of AA'ater. ) 

In the following experiments, other reagents were used for 
boiling off, as it was found that the cocoons were whiter if boiled 
with soap or caustic alkali. 

1. Catispic Soda, 5%.'> 

Cocoons 875 grains. 

Caustic soda 44 grains; 

Water 1| pint. 

The soda was dissolved in water and placed on the fire : it 
boiled in 10 minutes, the cocoons were put in and in 16 minutes 
the gum was dissolved. 

2. Bar Soaf, 12-4%. 

Cocoons 875 grains. 

Soap 110 „ 

Water I J pints. 

The soap was cut and boiled until dissolved. The coco< is were 
put in and boiled for half an hour ; the gum was not dissolved and 
the cocoons were left in for 24 hours, when the gum was dissolved, 

3. Washing Soda, 25%. 

Cocoons 875 grains. 

Soda 219 „ 

Water 1|- pint. 

The soda was dissolved and boiled; the cocoons were put in 
and boiled for 15 minutes when they were ready. 

4. Bar Soap, 25%, not hoiled. 

Cocoons 875 grains. 

Bar soap 219 j# . 

Wate? pints. . ^ . 


The soap was cut up, boiled in the water and dissolved and 
the solution leinoved from the fire. The cocoons were put in , 
some were ready in 0 hours, but after 20 hours most were not ready 
and required boiling for lo nuiiutes. 

5. (J'iiiiiiif. So'ht, 5%, without hoilivo- 
Cocoons 875 grains. 

Oanstic soda 44 grains. 

Water i| pints. 

The cocoons were put in the boiling solution after removal 
from the fire and were ready in 12 hours. 

ti. Soda On/skils, 25%, without hoilitm- 
Cocooiis 875 grains. 

Soda 219 „ 

Water li pints. 

The cocoons were put in the boiling solution, removed from 
the fire, and allowed to stay there 20 hours. They were not ready 
and required boiling for 20 minutes. 

The best method of boiling we believe to be as follows : Soak 
the cocoons in water for 18 hours, changing the water several times ; 
then boil in Crystal soda, 25% of the weight of the cocoons (2 
chittacks to half a seer of cocoons in a kerosene tin) for 45 minutes 
or 12% of Mono-hydrated soda (1 chittack to | seer of cocoons in a 
kerosene tin) ; then remove the cocoons and wash ; then put into 
and move about, or boil for a few minutes in a hot soap solution 
(10% of the weight of the silk). Then wash in running water or 
several changes. This leaves the cocoons white and clean, in a 
fit condition to dye or to spin. 

In practice we omit the soap as, for ordinary work, we do not 
require the cocoons to be very W'bite. If it is desired to make them 
very white, they should be treated with soap and after washing put 
for a few moments into dilute Sulphuric acid (| per cent, in water). 
This makes the cocoons white and gives the stiff " ‘ Scroopy ’ ’ feel- 
ing ; if this is not required, wash out the acid and put into dilute 
soap or soda solution, and then wash well ; they will be very white 
but not Scroopy.” The above processes of washing apply to 
uncleaned cocoons ; if one is working with clean (reversed) cocoons, 


lefroy and ghosS. 


one can omit the preliminary soakings and washings, as there is 
no dirt in the cocoons. 

This process of. treating cocoons is radically different from that 
used for mulberry silk and the methods used for mulberry silk do 
not apply to eri. The greatest difference between mulberry and eri 
silks, as silks, lies in their composition ; this has not, so far as we are 
aware, been chemically investigated ; mulberry silk is far more 
easily divested of its gum, is far less resistant to the action of 
alkalies and can be treated by a process of maceration, with 
perhaps a short boiling in soap after. Eri silk cannot be so 
treated ; we have ]iot been able to treat cocoons by any process 
of maceration with subsecpieiit boiling in soap ; boiling with 
soap does free eri silk from gum, but not as well or as quickly 
as soda does ; in actual practice, eri silk can be boiled with 12% 
of its weight of monohydrated Sodium carbonate without { 

suffering in strength ; such drastic treatment would not be | 

adopted for mulberry silk, nor is it required. In this respect eri :j 

silk is like ' ‘ wild silks ’ ' such as tasar, that is, all the silks in the I 

trade not derived from Bomhyx. | 

Carding. I 

Boiled dry cocoons are very readily carded by hand for hand- i 

spinning if this is recpiired a.nd this effects a separation of the dirt | 

contained in the cocoon from the fibre. The simplest method is j 

simply to take each cocoon in the fingers and with each hand to j 

gently loosen the cocoon till it all comes away as a loose fluffy mass, " \ 

leaving the very thin inner shell holding the empty chrysalis case and j 

caterpillar skin. There is a small amount of waste, but this can be ■ [ 

recovered by fresh boiling. If carding were a necessary preliminary 
to spinning, it would be worth while devising a hand machine to do 
it ; but, wdiile carded silk can be spun, especially on the charka, 
it is not necessary or desirable. In the Punjab, wool is carded and 
those who do this can also card eri cocoons and then spin a fine even 
thread just as is done with wool. It may be found desirable to do 
this where wool-carding and spinning is familiar to the people and 



simple spindle witli a weighted end ; the 
spindle is attacli(?d to the drawn-out end of 
the wet cocoon and spun, the thread Ijeiiig 
drawn out evenly by the fingers till the 
spindle falls sufficiently when the thread 
formed is wound oif and the spindle again 
spun to twist a fi’esh length. It is a slow 
process, well-known for making “ Matka "" 
thread of waste mulberry silk and is the 
least economical of the methods, though 
it produces good thread. 

(2). The “ Charka'*^ (Fig. 13) or Spinning 
Wheel is familiar wherever cotton is spun. 
It consists of a wheel with a belt which 
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passes round a small pointed spindle set between uprights ; the 
wheel is turned with one hand, causing the pointed spindle to revolve 
rapidly ; if it has been joined to a pulled-out end of the cocoon and 
the cocoon is pulled away by the left hand, the thread is twisted and 
drawn out ; when the cocoon is held out as far as possible, the thread 
is disengaged from the point and is wound ol! upon the base 
of the spindle, and a fresh length begun. Dry or carded cocoons 
are done very well upon this machine, which makes very fine thread. 
The sole disadvantage is that tlie process is not continuous, as the 
wheel must be stopped to wind the finished length on to the spindle : 
only one hand is available for the cocoon, the other being used to 
turn the wheel. This process is the familiar one in India and it is 
one of the advantages of the industry that the material can be so 
readily used in this way in India generally ; the people have 
nothing to learn. 

(3). The Fiisa Maclurie. An improvement upon the above 
has been devised, based upon the old “ flying needle '’principle, 
so universal in power-spinning of all kinds. The pidnciple of the 
machine is this : a thread passes to a point revolving round a re- 
volving spindle and from it to the spindle ; if the two revolve at the 
same rate, the thread is only twisted or only wound on the spindle 
according as they revolve in the same or opposite directions, but if 
they revolve at different rates, the thread is dragged from the 
revolving point and wound off upon the spindle ; in so doing, the 
revolutions of the point give the thread twist, and if the fine end 
of the cocoon is fed in, it becomes thread, as it is drawn off and 
twisted. 

If the two motions are adjusted, one can get in a given length 
a definite amount of twist ; thus if one inch of thread is drawn in 
while the flying point makes six revolutions, the thread will have 
six twists in one inch. To secure that, there shall be a difference 
in the rates of motion of the spindle and the needle can be done 
in two ways ; they may be driven by belts off pulleys of unequal 
size, or the spindle may be free to revolve ancl slightly ‘ ‘ braked 
if the spindle is free to revolve, the thread drags it round and is not 
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wound off ; but if the spindle is braked by friction, it turns more 
slowly than the needle and so pulls off the thread. The details 
of such a machine will vary, but the principle is the same ; the Pusa. 
^lacliine consists of a pulley, turned by a treadle and belted to the 
tiyiug needle ; the needle may actually be a hollow bent needle, 
or a wire with a loop at the end and other loops on the arms. It 
revolves round the spindle, which revolves more slowly and the 
thread is fed in at the base of the needle or through the loop at the 
eud ; the spinner has both hands free to draw out the cocoon into a 
proper length and feed it continuously to the thread. 

The great advantage of the machine is that it brings the fibre 
o;h the cocoon in very long individual strands ; it is really a process 
of very coarse reeling and the “ staple ” of the fibre is very long. 
Wet cocoons are used as they give the best results but carded or 
dry cocoons can also be used. The photograph illustrates the 
machine best ; there are several available patterns, the best doing 
two threads at once, not -a single one. 

In spinning, there is a certain amount of waste but not a very 
great one. There is of course a very large amount of loss of weight 
prior to spinning ; thus about 17 per cent, of the cocoon is old pupal 
and larval remains ; another 8 per cent, boils off as gum ; the average 
figures for dry empty cocoons are as follows : — 

Dry cocoons 100. 

Dry cleaned cocoons 78. 

Boiled „ „ 70. 

Thread 65. 

One seer of raw cocoons gives 10 to 12 chittacks of thread. 

Pkefabation OP Theead. 

The thread as prepared by the spinner undergoes no special 
preparation before it is used for the warp or put in the shuttle ex- 
cept the processes usually adopted by the local weavers with cotton. 
The warp threads are run off on to big spools, warped, the warp ar- 
ranged, stretched, sized and brushed ; the weft threads are run off 
on to small pirns for the shuttles and kept wet till Avanted. In 
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case of extra tLick thread being required for a coloured border, two 
or more threads are twisted together either in the usual way of bob- 
bins on a charka or in whatever way is used locally. For eri fabrics 
as commonly produced there is no special preparation and in -wea v- 
ing it is treated just as cotton thread is. 

Weaving, A Handspun Thread. 

The threads produced from the charka, taku or continuous 
spinning machine are woven in the usual w’-ay on the ordinary hand- 
looms of this country. They are not adapted to power looms unless 
very well spun as they break. In the ordinary process of sizing, 
warping and \veaving, the threads become very dirty, so dirty that 
the pure white cocoons become “ ecru ” colour, the dirty colour 
of Assam eri silk. With careful sizing and weaving this may be 
avoided. We have used various looms and here exi^ress no opinion 
as to which pattern is the best. A loom that weaves cotton will 
weave spun eri silk and which loom will suit any locality best de- 
pends purely on local circumstances. As a rule, eri silk is vroven 
into moderately coarse cloth, either for suits or for use as whole 
pieces uncut as wrappers, saris, dhotis, etc. These are either na- 
tural colour, or cream colour, the latter being obtained by bleaching 
with sulphur. Into these a coloured warp border may be woven, 
doubling the thread of the warp at the edge, or a coloured end 
border, using thicker coloured thread for the weft at each end. 

It can be woven into twills, tartans, checks, stripes, etc., by the 
usual methods, but these can never be as light and thhi as are pro- 
duced from reeled mulberry silk and are not the beautiful fine fabrics 
]}roduced from such silks. The fineness and gloss of mulberry silk 
cannot be got ; by fine hand spinnmg and good weaving one can get 
a fine cloth, wdth little gloss, with great softness and extreme dura- 
bility. With ordinary spinning and weaving, heavier cloth is |)ro- 
duced suitable for wearing, for coloured table cloths and curtains, 
for those fabrics in which strength and durability are required but 
not the sheen or delicacy of the finest silks. Most silks deteriorate 
witli use ; eri silk improves, since the soft fibre loosens a little, fills 


in the fabric between the threads and gains in lustre and softness. 
The individual threads have great strength, a good twist and no pro- 
jecting ends of silk, only loops which have great strength and which 
give the fabric its softness and which fill in the points, making a 
very soft o^^en surface. 

In the ordinary hand-weavmg with handspun thread, there 
is no object in having a fly shuttle loom or an improved pattern 
of any kind ; the best loom is the ordinary hand-loom in which tlie 
sluittle is thrown by hand ; for weaving greater breadths than 
36 inches conveniently, we use a fly shuttle loom, the picking done by 
pulling a cord ; if the shuttle moves rapidly, it is certain to break 
the warp threads as they are not really even, and it is useless attempt- 
ing to hurry the weaving if handspun thread is used for the warp. 
If millspun thread is used for the warp, it will of course pay to instal 
a really good fast loom of which there are many patterns, the Churchill 
loom of Ahmednagar being probably the best. There are consider- 
able difiterences in procedure in weaving fine or coarse cloth and 
naturally much depends on the evenness of the thread. The best 
heavy fabrics are made by using for the warp fine thread of which 
two or more are twisted together. It is easier to make a fine thread 
even in spinning on the charka than to make a coarse one ; if such 
fine thread is woven direct, it makes very fine soft fabric, but it re- 
quires good careful weaving and is slow to weave. But if two, three 
or four of such threads are twisted together, the unevennesses 
average out and one gets very even strong thread, suitable for 
warp. In jnaking bordered pieces, such thread should be used, 
as the threads especially must be thick to cover the white in the 
weft ; also if thick coloured warp is used to make the border, 
the same thickness must be used in the luicoloured centre or the 
centre will be very open owing to the close ' ‘ beating up ” of the 
weft being stopped by the thick border warp threads. 

F or weaving fine eii cloth from handspun thread, we use a reed 
of 20 to 22 dents, and this is the best for the cloth required by the 
Calcutta market ; for coarser thread a reed of 14 to 16 dents may be 
used. 
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It must be remembered that eri silk clotb, as usually made from 
bandspun thread, does not shrink, but in time stretches a little ; this 
must be allowed for and it is one of the peculiarities of this cloth. 

B. Millspun Thread. 

Eri silk spun like waste mulberry silk is almost indistinguish- 
able from the latter and can be used in the same way. We have used 
counts 160/2, 160/2, 280/2, but other counts are made. 

Finishing. 

Ordinary undyed cloth is ‘ finished ’ in a variety of ivays, ac- 
cording to the appearance required. Ordinarily, the cloth is washed 
in hot water with soap and then dried and ironed. This leaves 
the colour unchanged. To get a whiter colour, the cloth is washed 
in boiling water and soap, then rinsed, put into water containing a 
little Sulphuric acid ; from this it is put into water and then again 
washed with soap or soda. To get a cream colour, the cloth is put 
into boiling water, then rinsed with Sunlight soap, and then, after 
rinsing, put into a weak solution of Citric acid or water containing 
the juice of limes, lemons or other acid fruits. A very good cream 
colour is also got by bleaching the cloth with Sulphur as described 
below. There are other methods used in the trade, some of which 
are secret and with undyed fabrics great importance is attached 
to proper finishing. A cream colour is generally required in India, 
as being the proper colour of the best eri silk. 

We may draw attention to the very great value of boiling the 
cloth, in all processes, as this improves it very much. Eri silk 
improves very much by use and washing ; it is at first rough, coarse 
and dull-looking ; a great deal of this is removed by boiling the cloth 
in water with or without soap or soda ; it will not stand boiling -with 
acid. A simple way of getting a good cream colour is to boil the 
cloth for one or two hours with of its weight of soap (bar soap) 
and then exposing to the sun for a few days. For ordinary small 


Bleaching. 

Thougli tlie cocoons are white at fust, the silk becomes dirty 
in the coinse of boiling, spinning and Aveaving till in the nsnal course 
th('. silk produced is ecru colour, a colour very suitable for use in 
this country, but not ada,pted to dyeing in liglit shades. Except 
for very special purposes, the colour does not matter ; l)y exercis- 
ing gi'oat care in boiling the cocoons, by washing them well after 
Imiliiig or by prolonged soaking in water, by care in the spinning 
and weaving, a cloth can be got which is, after being washed, nearly 
white. To get the Avhitest, one must bleach. Very beautiful 
Avhite thread can be produced by bleaching with Hydrogen Perox- 
ide : nearly as Avhite thread is produced by ‘ ‘ blankit ’ ’ ; but the 
ordinary process of weaving is sufficient to again dirty the threads, 
and unless good weaving methods are used, the cloth will not be 
white. Cloth can be Avhitened by washing and exposure to sun- 
light for long periods. Tests have been made of bleaching with 
Aqua Regia and AAuth Sulphur Dioxide (Sulphurous Acid). We 
recommend either of the folio Aving processes, but Avould emphasise 
the fact that such bleaching is not as anile required. For those 
Avho wish to turn out high-class white or delicately dyed fabrics^ 
the processes 1 and 2, though costly, will be of AT-aliie, applied either 
to the thread or to the fabric. 

( 1 ) . Bleachmg thread toith ‘\BlanJcit.'’ 

Boil the silk for one hour in a solution containing i lb. Mar- 
seilles soap for 5 gallons of Avater. Wash thoroughly and put the 
silk for about 12 hours, with an occasional stir, in a solution of 
about to J lb. ‘ * Blankit ’ ’ per 5 gallons of cold Avater. Rinse the 
silk in water which has been acidified by the addition of a little 
Sulphuric acid, then rinse in fresh water. 

( 2 ) . Bleaching thread loith Hydrogen Peroxide. 

For 10 lbs. of silk take : 

2 — ^3 gallons commercial hydrogen peroxide. 

3j-— 4| gills Sodium Silicate. 

I — 1| lbs, white soap dissolved in 12 gallons of AAuiter. 
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Tliis is warmed to 120° F. and the silk put in for several hours : 
at intervals it is wrung out and turned. When bleached, it is placed 
in water acidified wdth Sulphuric acid, then rinsed in fresh water. 
The bleaching liquid is used again, replenished if neeessary. 

( 3 ). Bleaching eloth or thread with Sulfhur. 

Suspend the material in a closed chamber, after soalcing it in 
soap and water ; then burn sulphur in the chamber completely 
closed, so that all the oxygen of the air is combined wdth sulphur ; 
keep the material in for 12 hours, then remove and wash well. 
The colour is not c(uite white, but i-ather cream colour. 

Dyeing. 


Eri silk, as other silks, is readily dyed with a large range of 
colours. The dyes may be classed as ; 

(1) . Natural ” dyes obtainable from indigenous plants 

and used with mordants. 

(2) . Anthracene or Alizarin dyes, which are similar to the 
plant dye Madder but are made artificially and require mordants. 

(3) . Aniline colouring matters, which are applied direct, 
with acid or other agents, or which are developed.” 

In the first and third classes there are dyes which are fast to 
light or to soap, or to boiling w^ater, or which are fugitive to light or 
will not stand soap or boiling water. There is no inherent supe- 
riority in plant dyes over any others : some are fast to hght, some 
fade very rapidly ; but they were formerly obtainable in this country, 
their use wnis in many cases well known and, w^hen properly ap- 
plied, they give a good range and depth of colour. The prejudice 
in favour of these dyes is due to the fact that many aniline colours 
are sold and used which are not fast to light and it is rather the 
abuse of these dyes which has led to the general feeling that 
^ ‘ natural ’ ’ dyes are preferable to ^ ^ synthetic ’ ’ ones. Provided 
only fast aniline dyes are utilised, there is no objection to them 
and they have great advantages in ease of application, range of 
colour and delicacy of tint. The dyeing of silk is in many 
respects similar to that of wool, as opposed to the dyeing of 
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cotton ; Watson has shown that silk is a better material with 
which to use indigenous natural dyes than is cotton, and silk 
is also a particularly good material with which to dye with 
many of the aniline colours. Some dyes require mordants, ie., 
the use of some substance to enable the colour to develop on the 
material, alum being a common one used. Indigo requires special 
ti eatment, since it is not soluble in water, and a soluble com- 
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pound has to be produced, with which the silk is impregnated, 
and which on exposure to the air oxidises to indigo and 
is fixed upon the fibre. Aniline dyes (with few exceptions) require 
no mordant; some are applied with the addition of “ boiled off 
liquor,;’ le., the liquid in which cocoons have been boiled to dis- 
solve the gum, either a gum-soap solution or a solution of soda- 



gum or potash-gum, all of which act as an alkaline bath 
dye-bath usually requires the addition of either acetic acid, ( 
phiiric acid according to the dye used and the shade requirec 
more than 15 to 20 per cent, of boiled off liquor ” 
taining soap should be added or ten per cent, of hqiior 
with soda and its function apparently is to make the dyeiim 
even by making it slower. ^ 

The dyeing of eri silk is the same as that of other silk' 
mulberry silk, and, since the fibre is white, the bleachino' re! 
for tasar silk is not needed. In fact, eri being itself pure ' 
takes dyes l)etter than other silks if properly handled and 
clean. We have u.sod the same methods for eri silk that are 
for mulberry silk and there is no marked difference betwee 
two in their behaviour tow^ards dves. 
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dyedc The dyeing of the cocoon must follow the boiling or the 
dye will not penetrate, and it is less economical than the dyeing of 
the thread. The cocoons should be carefully? boiled in a cloth, well 
washed so as not to become entangled, and dyed at once in the 
cloth : if they are put into the liquid direct they get entangled and 
loose, making the spinning less easy. Cocoon dyeing with aniline 
dyes is rarely useful 5 the dye fastens on the outside of the cocoon 
too much and the dyeing is uneven. With xilizarin or other mor- 
danted dyes, this is not so marked as the mordant penetrates 
readily and the dye is more evenly developed through the cocoon. 
We do not recommend or use the practice of dyeing the cocoon. 
The arrangements for dyeing in this country are usually simple, 
and only small quantities are dyed at one time : no machinery is 
used and for our present purpose, the usual methods suffice. One 
must have a good water-su}j)ply> vessels that can be heated, measures 
for acids, etc., scales to weigh the silk, dye-stuff, etc. 

Natural Dyes. 

During the last fifty years, there has been a considerable 
amount published as to the dyes indigenous to India. To anyone 
who studies these it will be clear that the use of indigenous dyes 
varies much from place to place in the details of the processes used, 
but that there are certain principles underlying it which may not 
be known to the dyers but which are met by the many curious 
ingredients used in dye baths. It is useless to go into these and 
we give here a short summary of the more important dyes used, 
with the essential features of the processes. Whether alkah, 
for instance, is obtained from the ashes of one plant or 
another, or from earthy mineral alkali or from more or less pure 
alkali purchased in the bazaar, is a matter of local practice ; so 
with the use of lime-juice, tamarind or acids produced by 
fermentation. In many cases, it is known that the water of 
particular wells or rivers is useful in dyeing ; this is probably 
due to the presence of small quantities of either weak alkalies 
such as Sodium Carbonate or of such compounds as Glauber's salt 
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(Socliura Siilpliate). We are not aware that the ingredients of such 
water have ever been investigated. 

Fo)' dyeing cri silk, we would draw attention to lac-dye parti- 
cularly. Lac-dye is extremely cheap, obtainable in more or less 
constant form and gives a very good fast colour. Indigo is also 
of special value. Beyond these, we do not think that there is any 
special value in indigenous dyes unless one can secure the very best 
professional dyers in a locality where dye-stuffs abound. As we 
are advocating the cultivation of this silk in the cultivated densely- 
populated areas and not in the jungles or hill-tracts, we do not 
attribute much importance to natural dyes, with the exception of 
the two mentioned. Great effort^ were made in the past to sti- 
mulate the use of natural dyes ; that was done to meet the growing 
competition of aniline and other synthetic dyes ; since then, the 
former have been largely ousted, fewer people know the use of indi- 
genous dyes, the dye-stuffs are not obtainable readily or in a pure 
form, and only in favoured localities, where dyeing still lingers 
as an indigenous industry, will the dyers be found who can get really 
good results with plant dyes. The synthetic dyes have also been 
greatly improved, and there is no reason why the softest and most 
beautiful tints should not be obtained with the exercise of far 
less skill and labour and at a smaller cost than was possible twenty 
years ago with aniline dyes or is now with plant dyes. Unfortu- 
nately, dyers use crude colours when they use anihnes, and the soft 
tones of the plant dyes are not so often seen, but this need not be 
and it would be easier to teach dyers to obtain soft tones with ani- 
lines than to revive the general use of plant dyes. Where plant 
dyes can be got which are really fast and whose use is understood, 
they should be used ; but we do not believe this can be said of any 
part of India but the forest or hill- tracts, save with such dyes as 
cochineal, lac, indigo, kamala, jackwood or myraholans. 

(1). Sapan Wood or Bakam. OcBsalpinia sapfan. 

An infusion of the wood yields a polygenetic colouring mattei' 
which with alum gives crimson, with tin salts a brightei- crimson, 
with chromates a brown or purple, with copper sulphate a 
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eiaret brown, with iron sulphate a slate or claret colour. It is 
used to produce crimson. The colours are moderately fast. 

(2) . Kusum — Safflower. Garthamus tinctorius. 

An infusion of the petals yields a yellow dye, not used ; adding 
alkali produces a soluble dii-ect ” dye which yields fugitive pinks 
or reds. It is used chiefly for cotton, and it is said that it was for- 
merly exclusively used for Government red tape. 

(3) . Kamala. Mallotiis fhiUf-pinensis. 

The dried powder in the seed capsules yields a red or 5 ’'ellow 
dye, soluble in alkalies and used with alum as a mordant. It is 
not fast, though widely used. 

(4) . Al. Mofinda tinctoria. 

The roots or root-bark yield a red dye, applied with Tannin 
or alum mordants to material usually steeped in castor oil emul- 
sion. The colours are fast. 

(5) . Singrahar, Nyctanthes arbor-tristis. 

The dried corolla-tubes yield a ‘‘direct” dye on infusion 
which dyes an orange colour. 

(6) . Manjista — ^Madder. Ruhia cordifolia. 

The infusion gives the same range of colours with mordants 
as is given by Alizarin, which is its artificially-made form. The 
dye-stuff is extracted from the dry roots. 

(7) . Lac-dye. 

A colouring matter extracted from the body of the lac-insect 
{Tachardia lacca, T . albizziw, T. fid, T. decorella, etc.) in the process 
of shellac manufacture by washing crude scraped lac in water 
(with or without soda) and precipitating the dye with lime or tin 
salts. The cloth is mordanted with alum or tin, and in some cases 
acids are added to the dye-bath. The colour produced is a deep or 
bright red, fast to light, washing, soap and alkalies. It is a spe- 
cially good dye for silk, deserving of a much more extensive use. 
Mordanting with tin or alum, and using the dye with acid gives a 


biiglit red. with alkali, a reddish purple ; mordanting with iron and 
dyeing with alkali gives a grey. The red obtained with acids 
becomes purple-red if the material is washed directly in soap 
or alkali. 

(8) . Kanthal — Jakwood. Artocarfus mtegrifolia. 

An infusion of the heart-wood yields a yellow colour which is 
fixed on cloth mordanted with alum and is fast to light, etc. It is 
stated to be much used in Burma. 

(9) . Annatto — Latkan. Bixa orellana. 

The dried pulp of the seeds yields a bright orange dye, soluble 
in alkalis, applied to silk mordanted with alum. The colour is not 
fast to light. 

(10) . Dhak— Palas. Biitea frondosa. 

A decoction of the petals yields a yellow dye, fixed on alum- 
mordanted cloth, which is fast. 

(11) . Haldi — Turmeric. Curcuma longa. 

An infusion of the rhizomes yields a yellow dye, which, with 
acid, is fixed on alum-mordanted cloth. Tin mordants make 
the colour orange. The colour is fugitive. 

12. Indigo — Ml, Indigofera spp. 

The leaves yield indigo-white, soluble, which on oxidation 
l^ecomes indigo-bluc. The dry powder is reduced, the fibre soaked 
in it and allowed to oxidise in the air. The blue colours yielded 
are fast to light, etc. Reduction is effected, on cotton or wool 
with : 

(<x). Ferrous Sulphate and lime. 

(6). Sodium Hydrosulphite and zinc dust. 

(c). A woad, bran, madder and lime vat (fermentation vat). 

(4) . A potash, bran and madder vat (fermentation vat). 

(5) . A soda fermentation vat. 

(6) , A urine fermentation vat. 

A method of dyeing eri silk is given below. (Reduced dyes«) 
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(13). Myrabolans. TerminaUa cJiehida, etc. 

Myrabolans, and other plant tissues wliicli yield tannin (babul 
pods, galls, divi-divi, etc.) will on infusion yield a solution wliich on 
cloth mordanted with Ferrous Sulphate gives a durable black. 

14. Cochineal. Coccus cacti. 

Dried Cochineal insects (“ German Grains ”) arc extensively 
used for the very best silk dyeing in some parts of Bombay ; the 
dye is made by pounding three parts of Cochineal and one 
part of Pista-ful (galls of PisiacMa vera) and dyeing in the 
decoction. The red so extensively used for turbans in Western 
India is thus obtained. The dye is extremely fast to light, 
washing, perspiration, etc. It is now mainly produced from 
imported Coohinea,!, but the Indian Cochineal {Coccus indlctis) 
grown in India on prickly pear has been used. 

The above colours are combined to give shades and tints ; e.g., 
green is obtained from indigo and turmeric, violet from tannin iron 
and lac-dye, etc. It is in these combinations that the indigenous 
dyes are used in so complex a manner. The real art of indigen- 
ous dyeing lies in the use of these dyes in combination in a 
most complex manner, of which no one really good account 
exists. The practices of the best native dyers have never been 
really reduced to prescriptions on paper. 

Reduced Dyes. 

There are two dye-stuffs which require to be reduced in order 
to be obtained in a soluble form, the colour developing as the re- 
duced (uncoloured) compound is oxidised in air on the fibre. Tliese 
dye-stuffs are indigo, natural or synthetic, producing blues, and 
Helindon red, a synthetic dye, giving a peculiar lilac tint. Indigo 
is used in India for dyeing silk, in a variety of ways, just as it is 
used for dyeing other fibres, but we give a process for dyeing in 
detail because we have found that dyers accustomed to dyeing 
cotton or wool with indigo cannot in all cases do so in eri silk 
also. We are indebted for this process to B. V. Briggs, Esq., 
Calcutta. 
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‘Stroll it Vuf, 

JOO j<a]lons 

,. Water 

. . .300 litres. 

2 \hs. 

. . Average Indigo. 

. . 1,000 grs. 

2 Ilw. 

Slaked lime (shell) 

. . 1,000 „ 

~-l lb. 

, . Zinc Dust (good quality) 

.. .300-450 gr 

j gallon 

.. Bisulphite of Soda. 57°T. .. 

.. 3,.500 C.C. 

Mf.dvitm. 

1| lb. 

. . Average Indigo 

.. 550 grs. 

n lb. 

. . Kmc . . . , 

. . 550 „ 

i lb. 

. . Zinc Dust 

... 225 „ 

.‘U pints 

. . Bisulphite of Soda. o7‘"T. . . 

.. 2,200 c.o. 


l b. 

.. Average Indigo 

. . 250 grs. 

1 lb. 

.. Lime .. 

.. 250 gr.«. 

4 oz. 

. . Zinc Dust 

. . 113 grs. 

11 pint 

. . Bisulphite of Soda. 37“T. . . 

. . 900 c.<?. 


Grind the Indigo to an impalpable paste with a little water, 
add the lime and add to about -I gallon to 1 gallon hot water (160°F.). 
Add the zinc dust to the Bisulphite and stir occasionally ; 
let stand till no more smell of sulphurous aid is noticed (about 
J hour). If after J hour it still smells of sulphurous acid, add a 
little more zinc, as it shows the zinc is poor. Then add the Zinc- 
Bisulphite to the indigo, lime and water and stir. In about hour 
to J, the colour will have become yellow. This is stock solution. 

Heat the vat and w’^ater up to about 120°F. and add to it i 
pint bisulphite previously mixed with zinc. Then add the indigo 
stock solution, stir well, allow to stand and the vat is ready for 
dyeing. Wet the material with water, and wring it out ; then put 
it ill the vat and after ten to twenty minutes remove it, wring 
it out and let it oxidise for twenty minutes to half an hour. The 
number and duration of dippings must depend on the shade t;e- 
quired. When this is obtained, wash the material in water and 
then ill a dilute solution of Acetic Acid (1 in 500) : then rinse 
and dry. 

After several dyeings the vat will require ‘'sharpening,” i.e., 
bringing into solution the oxidised indigo. This is done by adding 
one to two pints of Bisulphite reduced with zinc and J to I pint of 
milk of lime (20 lime in 100 water). 
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Yarn should be hung in the vat and turned occasionally, loose 
silk or cocoons in a net and the bottom of the vat should not be dis- 
turbed so as not to raise the sediment. 

Helindon Red. 

This is an example of a large class of dye-stuffs now being iiicreas- 
ingiy used which are extremely good but costly and difficult to use. 
Two parts of Heliiidon Red powder are mixed with twenty of water 
and three of soda lye (77° Tw.), and two parts of Hydrosiilphite 
concentrated powder. Tlie whole is kept at 120°F. well stirred 
till it becomes yellowish ; then add it to the dye -bath, and dip the 
silk into it lukewarm. Keep it in twenty minutes, wring out 
and let the dye oxidize in the air. The depth of shade is regulated 
by the number of dippings. (M.L.B.) 

Anthracene (Alizarin) Dyes. 

Alizarin is the colouring principle of the madder root and, 
while it does not itself dye fibres, with different mordants it yields 
a variety of colours which are extremely fast to light, soap, etc. 
There are several chemical compounds, allied to Alizarin and 
produced synthetically from Anthracene, which are commonly 
termed Alizarin colouring matters. These are obtained from 
firms manufacturing these dyes who give instructions for their use 
and prepare them for each tint rec|uired. We include in this 
class CoeiTilein, Gallein and allied dye-stuffs which require 
mordants. 

The Badische Anilin and Soda-Fabrik issue a shade card of 
forty tints produced by these dyes with alum, chrome-alum or 
chloride of chrome, mordant. Using Alum, fSoda and Bicarbonate 
of Soda (all readily obtainable), the procedure is as follows : — 

Put the silk over-night into 60 pts. alum | Per 1,000 

6 ,, soda crystals J parts water j 
squeeze, wash well in water and pass for J hour through Bicar- 
bonate of Soda (-5 percent, in water), wash. Dissolve the dye 
in water, add one part of Acetic Acid per 1 ,000 parts of water, and 
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wasli tlie silk in liiis cold ]3atli for J hour ; heat to boiling in J hour. 
"Wash, soap and brighten with Acetic Acid. 

AYith this method alone, a range of colours is obtained includ- 
ing scarlet, crimson, orange, yellow-green, salmon-pink and 
three siiades of purple. To obtain other shades, one must use 
Chromium Chloride mordant ; put the silk into Chloride of Chrome 
20° ,Be. for 4 — 6 hours, wring out and wash well in running water. 
Pass for hour through a bath containing 5 parts per 1,000 of Bi- 
carbonate of Soda, wash well and dye with Acetic xYcid (1 part per 
1,000 parts of water) as wdth alum above. (B.A.S.P.) xllizariii 
dyes are not usually sold in this country and can be imported in 
28 lb. bags. Other Alizarin dyes are dealt with as follows : — 

Dissolve 6 parts of alum or Sulphate of Alumina in 10 parts 
of water and precipitate the solution with 4 parts of Sugar of Lead 
and 2 parts of Nitrate of Lead previously dissolved in water. Let 
the precipitate settle, draw oh the licpior, dilute to the proper 
degree. Mordant in this as above, then dye as above ; x4.1izarin 
Orange N. paste gives an orange, Coerulein paste an Olive green, 
Alizarin Red No. 588 and Alizarin Red P. S. two shades of red 
(M. L. B.) 

x\lizarin can be purchased in India in lump form at 10^)'y, 

40%. With this several shades can be obtained with various 
mordantvS. Short directions are given for the production of these 
shades, and we may add that the colour procluced with Bichromate 
and Sulphuric Acid is an extremely good grounding colour for ob- 
taining browns, purples, etc., b}'- dyeing with acid dyes after the 
Alizarin. It is also an excellent colour by itself. For Alizarin 
40%— 

1. Claret Red : 

Mordant with 6—10% Alum Sulphate. 

5— 8% Cream of Tartar. 

Put in cold and raise to boiling. 

Wash and dye in 5% Alizarin and 4—6% Acetate of Lime 
or Air-slaked Lijue. 

Wash in cold, then raise to boiling. 
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2. Orange Eed : 

Add 1—4% Stannous Chloride and 1 — 4 % more Tartar 
to above Mordant-bath. 

3. Orange ; 

Mordant in 5 — 8% Stannous Chloride and 5—8% Cream 
of Tartar. 

Dye with 5% x41izaTin without Lime. 

Adding 4—5% Acetate of Lime makes the colour moj-e red. 

4. Claret-brown : 

Mordant with 3% Potassium Bichromate. 

1% Sulphuric Acid (168° Tw,), 

Adding Calcium Acetate to dye-bath makes colour more 
blue. 

5. Blue : 

Mordant with 4—8% Ferrous Sulphate. 

4 — 8% Cream of Tartar. 

Dye with 5% Calcium Carbonate and 5% Alizarin. 

With the exception of the reduced dyes, and of such natural 
dyes as lac-dye, there are practically no dyes to equal the above 
in fastness to light, to water, to washing, to alkali (street dust), 
to acids (perspiration or fruit juice) or to all forms of treatment. 
They are incomparably the best but their use is difficult. For 
dyeing thread or cocoons for putting into borders for dhotis, for 
dyeing any form of cloth that is to be worn out of doors, these dyes 
should be used exclusively if possible, as they are used at present 
in this country for Turkey Red dyeing on cotton. 

Aniline Colours. 

There are a very large number of these compounds used in 
dyeing ; many are used in silk-dyeing because of their ease of appli- 
cation and because delicate fabrics do not last so long that the 
fastness of the dye matters. We have endeavoured to eliminate 
the most fugitive dyes, but it must be remembered that a dye fast 
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to light may not be fast to boiling water or to soap. This is o ten 
invmaterial as curtains, for instance, would not be cleaned in boiling 
watei‘ but in tepid water and soap, so that for curtains a colour 
fast to light and to soap would be required. 

Another point to consider is whether thread dyed with a colour 
will, when wo^eii say with a stripe of another colour next, stain the 
neighbouring material on being washed. Some dyes bleed,’ 
Le., come off to some extent with soap and dye the fabric , this is 
a defect which must be taken into account when dyeing cocoons or 
yarn to be used with other colours. Other points are the fastness 
of the colour to acids {e.cj., fruit juice) or to alkalies {e.g., street 
dust). In ordinary practice with handloom and simple dyeing 
methods, there is a danger that coloured warp threads, in the pro- 
cess of sizing, will bleed into white or other colours in the warp. o 

avoid this occurring, dyed material should after dyeing be placed 
in a solution of Tannin (8%) obtaiired by infusing my rabolans 24% 
or babul pods in water and then in a bath of 4% Tartar Emetic , 
or the dyed material should after brighteiring be washed with soap 
or well washed and wrung in a soap solution. Soap removes the 
supe.Tficial dye that, in sizing, bleeds on to the sizing brush and so 
on to white or other threads. We have found the Tannin treat- 
ment extremely successful with such dyes as brilliant oiange, 
which bleed very much and Tannin is so easily obtained in this 
country that this treatment should be followed. 

No attempt is made here to class the coloirrs in groups ac- 
cording to chemical composition and we have not attempted to 
deal exhaustively with them. Starting with the ordinary sdk 
dyes of commei'ce, we have tested aird eliminated many and here 
meirtion such as we believe to he good dyes giviirg a large range of 
shades, so that the dyer may have a considerable choice without 
having to resort to dyes of whose fastness he knows nothing. The 
number of dyes is large, the mrmber of names they pass under is 
much larger hut those mentioned below are satisfactory and have 
been tested. We have not attempted to deal exhaustively or even 
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completely with the whole subject, only to find a, sufficient range 
of really good dyes. 

The Aniline Dyes are grouped as follows: — 

(1) . Acid Dyes, requiring an acid bath for fixation. 

(2) . Mordant Dyes. 

(3) . Basic Dyes, requiring a neutral or weakly acid ])ath. 

(4) . Dyes of the Eosine Group or Weakly Acid Dyes (oniil- 

ted here). 

(5) . Substantive or Direct Dyes, which dye cotton direct 

and are used for silk with Glauber’s salt or acid 

bath. 

(6) . Diazotised or Developed Dyes, which are substantive 

dyes fixed and developed on the fibre by diazotising. 

(7) . Dyes soluble in Spirit or Acetine, not soluble in water 

(omitted here). 

Acid Dye-Stuffs. 

These dye-stufi's are used with a sufficient quantity of acid not 
only to neutralise the boiled-ofi-liqiior, if such is used, but to make 
the bath distinctly acid. Either Acetic or Sulphuric Acid is used 
or both. 

For 5 lbs. of silk, add one gallon of boiled-ofi-liquor (soap 
solution) and 1 lb. of Acetic or | lb. of Sulphuric Acid to 20 gallons 
of water, warm ; put in the silk, turn and wash it and wring it out ; 
add the dye-stuff dissolved in water, taking say J or 1 per cent, at 
first only. Put in the silk again, turn and work and wring out; 
heat the bath to nearly boiling, put in the silk, and work it for half 
an hour, adding more dye-stiif! if required. When done, put the 
silk into cold water, acidified with Acetic or Sulphuric Acid and 
then wash well. For some dyes, ‘ ‘ break ’ ' tb.e boiled-off-liquor 
with Acetic Acid till it is sour, then add it to the dye-bath and add 
enough Sulphuric iVcid to make the bath really acid. For others, 
no boiled -off-liquor but add enough Acetic Acid to the plain 
bath to make it acid and dye in that. (Orange II, Fast Red, 
Flavazine, etc.). Acid dyes are suitable for silk in many 


cases owing to their level dyeing, ease of application and beautiful 
tints ; they are far faster than basic dyes, and only inferior to the 
Alizarin or developed dyes; in many cases they bleed into white 
fabric or are washed out in boiling water or soap. 

As a rule from one to three per cent, of the weight of the silk 
gives a full shade, and if the dyeing is finished at a sufficiently high 
temperature in the presence of enough acid, the dye should all be 
fixed on the fibre, the bath should be clear and exhausted and, on 
washing the dyed material, the dye should not wash out. If in- 
siifficient acid is present, the dye is not fixed, it comes off on the 
fingers, it washes off in cold water and the fibre is not dyed but 
simply stained. Equally if the temperature is nob high enough at 
the end, the dyeing will be uneven. We recommend the novice 
to begin by using small percentages of dye and adding more dye 
solution to the bath till the tint is right, removing the silk every 
time the bath is heated up or the dye-solution added. The greatest 
possible care must be taken in washing out the acid from the dyed 
silk in plenty of water. When dyeing in a simple manner without 
washing appliances, one tends to do the washing -out of the acid 
too rapidly or in insufficient water, with the result that the acid 
concentrates by evaporation, is held by the fibre and destroys it. 
Dyed cocoons or thread should be very thoroughly washed out iu 
running water or many changes of water. 

2. Mordant Dyes. 

For khaki shades and some other very fast ones, the mordant 
dyes used for wool should be employed, as they are extremely fast 
and very easy to work. A simple method is to use the Metachrome 
mordant with the dye and boil all together for two hours. 

For an average shade of khaki we weigh out the following, 
based on the weight of silk to be dyed : 

Metachrome Mordant 3%. 

,, Brown 1%. 

, . . Cyprus Green 0-05%. , 
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The water is boiled with the cloth and mordant ; the cloth is 
then removed, the dyes in solution put in and the cloth replaced ; 
the whole is then kept at the boil till the dye-bath loses nearly all 
its colour (about one hour) and then for one hour longer to 
thoroughly fix the dye. 

3. Basic Dyes. 

For 5 lbs. silk, dissolve the dye-stuff in 20 gallons of water, 
add 9 to 10 oz. of Acetic Acid (9° Tw.) heat to 140° F. and dye in 
this bath for half an hour, or, if boiled-off-liquor is used, add enough 
Acetic Acid to make the liquor sour and then dye. A large number 
of dyes are included herein which are often fast to washing but 
usually not to light. These dyes can also be made faster to water 
by passing into a bath containing 8% of Tannic Acid (24% 
]\iyrabolans), if necessary fixing after in another bath of Tartar 
Emetic (4%). Basic dyes are largely sold and used in India, 
because no acid or other assistants are required ; a simple solution 
in water is enough to dye silk in many cases, though the colours 
are not fast. For the Alkali blues there is a special process : — 

Dissolve the dye in water and add 4% of Borax ; heat to 1 1 2°F. , 
put in the silk and heat rapidly to nearly boiling and keep for J 
hour. Take out the silk, wash it, and put into a bath of water 
containing 5% of Sulphuric Acid. The acid precipitates the colour 
on the silk, which is then dyed. The Alkali blues are used espe- 
cially for light blue shades. 

Another process is to dye them in a boiling bath containing 
simply boiled-off-liquor, or a little Alkali, such as soda crystals, 
such a bath being slightly alkaline and not neutral. It is used for 
some blues. In place of Alkali, Marseilles Soap is used (| oz. per 
gallon of water) as below for Nitrosamine Bed in paste. 

4. Substantive oe Dieeot Dyes. 

For 5 lbs. of silk, take 20 gallons of water, dissolve in it the 
dye-stuff, add J lb. of G-lauber’s salt and dye for J hour at the boil 
after adding a little Acetic Acid, or dye in a bath containing boiled- 
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oil-liquor, broken with Acetic Acid. When dyed, place the silk in 
a fresh cold hath of water containing -h lb. of Acetic iVcid in 45 
gallons and dry without rinsing. 

For Nitrosamine Red in paste. For 10 lbs. of silk, take 1 lb. 
of Marseilles soap, 21 lbs. Nitrosamine paste, 45 gallons water ; 
dissolve tlie ])aste and soap in the cold water, put in the silk, heat 
slowly to boiling and l)oil for I hour without bubbling ; wJ’ing out 
the silk, and brighten in a bath of hot water 45 gallons containing 
1 lb. of Sulphuric Acirl. It gives a yellow tending to orange. 

For the (Chicago Blues (B. A. Co.) the following process is used ; 
Dye as above ; rinse and put the silk for 20 minutes into a fresh 
boiling-hot batli of 1 to 3% Bhiestone and 4 to 1% Acetic Acid 30% 
in sufficient water. (These percentages are calculated on the 
weight of the silk as usual.) 

5. Developed Dyes. 

First dye the silk with a direct (substantive) dye as above. 
Then prepare a diazotising bath as follows : in 150 gallons of water 
dissolve 2 lbs. 11 oz. of Nitrate of Soda and to this add slowly 5 lbs. 
of Sulphuric Acid (strongest). The silk is put into this bath for 
J- of an hour, cpiickly rinsed in cold water and placed in the follow- 
ing developing bath : — 

On 1 lb. of Beta-Naphthol pour one lb. of soda lye (75° Tw.), 
and wffiile stirring very well add five gallons of hot water and then 
sufiicient cold water to make up to 550 gallons. 

In this bath it is washed for | hour, then rinsed and dried._- 
If one wishes to develop with soap, put the silk after the first bath 
into a warm soap bath (2 lbs. per 20 lbs. of silk), turn a few times 
and wash. The bath should be 120° F. 

Sulphine (Primuline) diazotised and developed with, soap 
gives a yellow (old-gold shade), with Beta-Naphthol a crimson, with 
examine developer a deep red ; Oxamine blue wdth Beta-Naphthol 
gives a deep blue, with Oxamine developers violets, as does also 
Oxamine Violet. (B.A.S.F.) With Beta-Naphthol, Zambesi Blue 
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4B, gives a sky blue, Naplitliogene Blue E a navy blue, Naplitliogene 
Blue 4R a reddish Idue, Zambesi Indigo Blue E a dark blue. (B. 
A. Co.). The Sulphiiie dyes are usually faster than the Oxamine 
.dyes. 

Choice of Dyes. 

The (juestion of dyeing is at first a very complex and difficult 
one for several reasons. Indigenous plant dyes are in some cases 
good, their use is well known to professional dyers and they can be 
obtained in the bazaars. But they are not easy to use, nor obtain- 
able very pui-e ; when the services of professional dyers are obtain- 
able, then the use of good vegetable dyes is sound. The range of 
colours is small, the colours are often dull and some of the best 
{e.g.^ Annatto)are very fugitive to light. In every Indian bazaar 
are now to be found Anilin dyes, sold indiscriminately without 
regard to fastness to light or to water, used often carelessly and 
with curious methods and giving extremely crude colours that run 
into each other when woven side by side. Apparently Indian 
dyers and people generally have found bright colours to their hand, 
found them easy to apply so as to get results better than with their 
plant dyes and have used them to the exclusion of their natural 
dyes, often badly and crudely, producing very poor results. On 
the other hand, their intelligent use is not easy ; there are numerous 
firms selling these dyes, each firm giving fancy names to their own 
products, all competing and all selling fugitive as well as faster 
dyes. If the demand exists now, it has certainly been made and 
had these firms confined themselves to the better dyes, used a 
uniform nomenclature and put out their wares suited to a few pro- 
cesses easily mastered, then there might have been a possi- 
bility of the use only of the high class dyes on a proper 
system. 

When one then gets into the complexity of acid, basic, neutral, 
direct, mordanted, developed, Alizarin and other dyes, one can 
understand how it is that the use of the most easily applied basic 
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(ftigitu'e) dyes has become so general. We believe that the wisest 

course to recommend is : 

,,, either (a) good acid dyes fast to light; 

{)) direct or substantive dyes or (c) Alizarin dyes, where one 
simple method is wanted, adhering throughout to one group, the 
acid dyes being the simplest but the least fast of the three groups. 

(2) The use of indigenous dyes by professional dyers wliem 
such can be found. 

(3) The use of only Alizarin dyes or of Alizarin dyes with 
acid dyes where dyeing is done on any scale and the use of these 
dyes can be adopted. 

If any industry in eri silk by firms, as apart from individuals 
IS being undertaken, we would recommend the use of the 4Iizarin 
dyes so far as possible but if not, then only of the best acid or direct 
dyes used intelhgently. I„ fhis connection it is perhaps not nn 
leasonable to suggest getting advice as to which dyes am fast and 
their manner of application, adhering to the products nnl. 
firm and using their directions. There are firms urn 1 ^ 

those who really want to use only fast and reliable dyes ' AVo 

ferior to the Alizarin colours n'her» ^ T’ . ^ 

of course, which cannot hi IT ^ 

obtaining particular colours is easii;“ner - 


RED. 


Eirtct Dye-stuffs. 

Diazotised. 

Acid Dye-stuffs. 


Thiazine Red G. 

Columbia Fa.st Scarlef, 4 B. 

Cotton Red 4B. 

Brilliant Congo R,G. 

Aeeto purpurine. 8B. 

Berolina Fast Red, 

Sulphine with Oxamine developer. 
Azocardinal. 

Azo-Coecine 2R. 

Sorbiiie Red. 

Naphtbol Red S, 
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OHANGli}. 

YELU}i. 


GREEN. 

BLUE. 

VIOLET. 

PINK. 

BROWN. 

BLACK. 


Dirr.ct Difa-diiffi. 


Dimil Dije.-siuff'^. 


DiazoHsed. 
Acid Difc-iiiiiff. 


Cotton Orange G. R. 
Pyrainine Orange 3G. 
Congo Orange R. < 3. 
Mikado Orange. 

Cotton Yellow R. 
Chrysamine G. R. 
Chryaophenine G, 
Curcnmeine S. 

Columbia Yellow. 
Sulphine with Si>ap, 
Azoflavine. 

Acid Yellow G. R. 
Azo-Acid Yellow. 
Curcumeine extra. 
Tartrazine, 

Flavazine (Acetic). 
Brilliant Yellow S. 

Past Yellow extra. 

Past Mordant Yellow G. 


Got by combination of blue and yellow, e.tj., Tartrazine and Silk Blue 


Acid Di/e-.’itiiff. 
Direct Dife-stiiff.'i. 
Dui:ioU.mL 
AcM Dyp-stui] 


Basic Dye-stuffs, 
Direct Dye-stuffs. 
Acid Dye-stuffs. 


Diamond Green. 

Chicago Blues, developed with bluestoiie. 
Naphtogone Blue flB, 

Silk Blue B. 

Water Blue 6B. 

Indulino N. N. 

Soluble Blue. 

Indocyanine B. 

Cyprus Blue R. 

Alkali Blue with Borax Ifor light, ahades) 
Columbia Violet R. 

Acid Magenta S. 

Acid Violet 4R-7B. 




'I'lie great number f)f Anilin Violets, especially the basic ones, are not fast ib 
light ; the shades are best got by combination of acid dyes, if Alizarin 
dyes (jannot be used. ' ) 

Direct Dye-stuff. Erica. 

,4ctV( Dye-stuffs. 


Direct Dye-stuffs. 


Rb ' ^..eine. 
Rhotlamine R. > 
Resoliue G. J 
TMazine Brown G. R. 
Zambesi Brown G. 


Mauve-pink, not fast to light. 


Alordant Dye-stuff, 
Direct Dye-stuffs. 

Diazotised. 


Metachrome Brown. 
Zambesi Black. 
Oxamine Black, 
Zambesi Black. 
Oxamine Black. 


8 



Acid Dye-stuffs. 


LILAC. 

SAGE GREEN. 
AIAROON. 


Reduced Dye-stuff. 


Janus Black JX 
Black-Black. 
Balatine Black. 
Silk Black. 
Ethyl Black. 
Wool Black. 
Helindon Red. 


Use .Diamond Green and Mikado Orange or another Orange. 


Scarlet. 

Brmim. 

Violet. 


Combined to the right tint. 


With a selection of the above dyes, and by judicious combi- 
nation, almost any tint can be obtained. There are difficulties in 
getting such tints as green, brown, heliotrope, mauve, olive-grcM'ii, 
unless one experiments with mixtures, either dyeing with a bath 
of two mixed acid dyes or by grounding with one dye-stuff and top- 
ping with another after. For securing deep shades the Alizarin 
dyes as grounding dyes followed by acid dyes are often useful. 
The fastness to light of two dyes together is not the same as that 
of each separately nor will the colour simply fade but will change, 
as one tint fades out faster than the other. This is true also of 
fastness to water; thus one can get beautiful lilac shades with 
Erica and Silk Blue ; but on washing, the blue goes out, not the 
pink. One must therefore experiment. Dyeing is not a difficult 
i matter if one restricts oneself to one class of dye-stuff; it becomes 
/a very technical and compheated business if ond-wants to dye with 
/ all dyes, or to dye mixed fibres [e. g., cotton and silk), or to' dye all 
classes of fabric (cotton, wool, silk, linen, etc.). But if the object 
IS to produce simply dyed eri thread or cloth, there is no difficult v 
in the matter provided only one class of dye-stuff is used. Anyone 
can use the acid or the direct dye-stuffs; good results can be got 
and with no special technical sldl'l. The colours can be readily 
blended or used in varying strengths and with the information 
supplied so readily by dye-stuff producers, there is no inherent 
difficulty.. \Ae have endeavoured to simplify the matter above* 
and to recommend only fast dyes; naturally good results will imt 
be got by buying up any anilin dyes in the bazaars and using 
them, as is so often done, in very curious ways. But if one selects 
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tlie best, uses them according to the instructions given and exer- 
cises ordinary care, good results are easily obtained. Dyeing as 
practised by dyers who dye all classes of fabrics, who dye wool, 
cotton and silk separately or mixed, who print colours, who use 
“ resists ” and “ discharges,” and who must be able to turn out 
immense quantities of material to exactly even shades is, of 
course, a highly technical business ; but to dye cocoons or yarn so 
as to get stripes or checks or coloured borders, or to dye in the 
piece, each piece separately or a few at a time is no difficult 
business and it is from that point of view we have discussed it 
above. 

N. G. Mnkerjee states that in the Eampur Boalia Sericultural 
School the dyes sold as Maypole Soap have been used in silk- 
dyeing, giving very showy results and very beautiful shades. 
These are mixture of dyes and salts, which dye direct in boiling 
water. The ‘ ‘ Dolly Dyes ’ ’ act in the same manner and a large 
].*ai,ige of colours are obtained very simply which, for dyeing on a 
small scale without regard to very great fastness to light, are quite 
satisfactory. These dyes are, in some cases, at least, substantive 
dyes with Glauber’s salts and for dyeing on any but a very small 
scale are more expensive than purchasing the pure dye and re- 
quisite assistants. 

We have been dyeing thread, cocoons and cloth constantly 
in Pusa, since we commenced weaving and we have now adopted 
one class of dye only, as being suited to our purposes and as being 
the best process for eri silk dyers who can use only ordinary appli- 
ances. We have abandoned the indigenous plant dyes, as the skill 
required to use them is very great and we have not employed a 
skilled dyer ; (where there are such dyers, they should be employed). 
We have found Alizarin dyes very good but, with simple appliances, 
not satisfactory for more than a few shades ; (they are suited only 
to dye-works and not to small dyers). We have abandoned dia- 
zotised dyes as being beyond the reach of the ordinary producer; 
and we have adopted a limited number of the acid and substantive 
dyes fast to light and to bleeding, all of which we treat with Tannin 


and antimony after dyeing. Tlie only additioji m the inordnoted 
dyes for khaki shades (single-bath method with Metachrome mor- 
dant or after mordanting with chrome), which may also be used 
for a limited range of shades of very great fastness, lac-dye for 
certain red shades and A.lizarin with chrome or tin mordant for 
bride red or deep red. 

The dyes used are the products of two firms sold in India ; 
enquiries were made from the trade through the Chamber of Com- 
merce, Bombay, and we believe these dyes to be suitable to ordinary 
purposes. Unless very exceptional fastness is required (c.r/., dhoti 
borders) anyone wishing to produce dyed thread or fabrics will do 
well to use these dyes or similar substantive or direct dyes, of wliicii 
there are other brands than those mentioned but wliicb must be 
fast to light, fast to sizing and fast to bleeding into white silk. 

The process of dyeing as we do it is simply as described above 
with Acetic Acid or Sulphuric Acid, with or without boiled-o ff- lit | uor, 
and with an after-treatment in Tannin and Tartar Emetic. Tdie si Ik 
after dyeing is rinsed in water and put into three gallons of warm 
water containing one ounce of Tannin or two ounces of Taniibi 
Extract or Myrabolans. After an liour it is well rinsed, and tunied 
in a bath of three gallons of cold water containing half an 
ounce of Tartar Emetic. It is then brightened in a weakly acid 
hath, washed and dried. 


The following dyes require Sulphuric Acid 


Azo-Coeeine 2R. 

Azo-Cardinal 0. 
Cloth Red G.A. 
Cloth Red 3 G, A. 
Acid Yellow G. 
Azo-Aeid Yellow. 

WaterJBlue 3B. 

The following require 


Naphthol Red S. G. 
Sorbine Red G. 
Palatine Scarlet A. 
Azocarraiue. 
Tartrazine. 

Soluble Blue. 
Victoria Blue B. 

Silk -Blue B. 

Ethyl Black. 

Acetic Acid : — 


Brilliant Congo R, Thiazuie Brown R, 

Aceto-purpurine 8B, Cotton Yellow G. 1. 
Columbia Fast Scarlet 4B. „ Orange C. R. 
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Erica 2N. 

>Salinon Red G. 

Mikado Orange 4R. O, 
Uhrysophenine G. 
(Jolnmbia Yellow. 
Curcumeine S. 
(.iolumbia Violet. R. 


Pyraraino Orange 3G. 

,, Yellow G. 
Cotton J3rown R. V, 
Oxaminc Brown M. N. I. 
Violet. 

„ Black. 
Diamond Green G. 


Any firm of dye-producers can matcli these dyes with identical 
or similar products of equal value ; but it is not easy to get dyes 
which have a good fastness to light, sizing and bleeding, and 
wliic'.h will dye silk ; the empirer who is not satisfied with the 
above should go in for wool-dyes fast to light acids, etc., or for 
Alizarins. For the producer of dyed fabrics on a small scale, 
wishing to use few chemicals and work on simple basis, we 
recommend the above dye-stuffs. 


Columbia Fast Scarlet. 
Azo-Coccine. 

Brilliant Congo R. G. 
Salmon Rod G. 
Aeoto-purpurino. 

(Jloth Riid G. A. 


A warm bright erimscju, light. 

A bright crimson, with good fkjpth. 'I’ho nearest to .'loarlet. 
Dull crimson, tending to bri(;k rod. 

Clear dull red, tending to l)rick red. 

Bright red with a touch of mauve, less purple than fast 
red. 

Deep (irimson wil.h a. i.oueh of brown, no blue. Like lac 


Naphtliol Red S. G. 

Sorbiiie Red G. 
Pyraminc Orange 3G. 
Mikado Orange 4 R, O. 
(.Juroumeinc S. 
Cliry.soplieuine G. 
Columbia Yellow. 
Azo-Acid Yellow. 

Acid Yellow G. 
Vartraziiie. 

Acid Y(d!ow It. 

Cotton Yellow ( 1. 1. 
Tluazinc lirowii R. 
Oxaminc Brown M. N. 
Indocyanine B. 

Soluble Blue 'I'. 

Silk Blue. 

Water Blue 3 B. 

Ethyl Black 4 B. F. 
Columbia Violet R. 
(,)xamiuo Violet R. 


a like acoto-pur})urine but 


on tin mordant. 

Deep red wdth a touch (.)f ) 
redder. 

Pure bright crimson. 

Orange tending to brtnvu, no red. 

Deep orange red tending to salmon red. 

Yellow to ora.nge, less brown than curcuineiiK-' extra. 
Yellow to dull orange, no red. 

Dull “ old-gold ” shade. 

Dull yellow, nearly “ old-gold ” ; yellower ami with more 
body than the last. 

As the last. 

Clear pure lemon-yellow, no orange. 

Yellow orange, almost the same as pyrainiiie orange 3(i. 
Pale ‘ ‘ old-gold ’ ’ yellowt little body. 

An orangc-brow'u, little red. 

A deep full umber-browm. 

Deep blue, dull, touch of indigo. 

A very rich opal blue, bright. 

Deep pure blue ; in weak dyeings with boiled-off-lirpior gives 
pale blue. 

A clear bright blue. 

A deep black tentling to purple. 

Purple-red, like lac on alum, flull. 

Deep rich purple, tendbig to blue. 


V. THE CASTOR PLANT. 

Castor Varieties. 

All tlie varieties of castoi* we could obtain in India a, re taiteii 
by eri siik-woiins, and we have not been abl(‘. to find any one va- 
riety better than another from their point of view. We have jj;'rowii 
all the obtainable kinds of castor and have tried to pick those, most 
productive of leaf. We have been unable to get any botanh’al 
classification of castors but this is in progress in South. India. 
We rejected as unsuitable all the small leafed dwarf plants, 
such as the small encli of Surat ; all the perennial varieties W(‘ 
obtained came down to six apparent varieties. Tire local Ibhar 
varieties are all green or red stemmed with a white waxy 
covering on the stem and leaf-stalks ; thei’e are also biilliant green 
and red stemmed varieties with no wax ; and we found in two 
lots {Arencl of Cawnpoic and Thoia Ahmedali of Madra.s) a 
giant red or green variety with wax. We have, therefore', on nu'i'o 
appearance, habit and size separated out : 

1. Green witli wax. 

2. Red „ 

3. Greini without Wiix. 

4. Red 

i"). Giant green with wax. 

f). „ Red „ 

The commonest varieties are l)oth green and red with, wax ; 
amongst the plants collected at Piisa, the red and green without wax 
were found mixed, and are the best hmf-yielders of the va,ri<dics we 
have tested, but there is not a very marked difl'crence and it would 
seem best to cultivate the local variety of jiereiinial castor and noi. 
to attempt to introduce a special variety. We arc tcisting tin*, giant 
castor of Abyssinia, but until the varieties have been properly se- 
parated and the matter reduced to an accurate basis, any work wit h 
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castor varieties must be inaccurate. The question of leaf diseases 
of castor is also under investigation by the Imperial Mycologist ; 
apparently the green stemmed variety without wax is liable to 
disease and so unsuitable. 

It is essential to have the castor near the rearing house or the 
rearing house in the castor field and the usual method whereby a 
little castor is sown with other crops or on bunds, does not provide 
enough castor near at hand for rearing on a large scale, though it 
does so for cottage cultivation. 

Also it is doubtful if growing pure castor is as profitable as 
growing castor with a ground crop such as sweet potatoes. With 
perennial castor one must sow wide apart, at least six feet between 
rows and plants ; with closer sowings the plants run up and can 
scarcely be plucked at all. For leaf one wants a bushy plant, and 
it is useful to remove the leading shoot when the plants get four 
feet high. 

It is absolutely essential for continuous rearing to have young 
leaf for the young worms ; in Bihar a proportion of the plants 
should be out down in February to provide young leaf in April- May 
to get the best results, one must bear this in mind and adopt the 
local practice of castor cultivation accordingly. 

Yield. 

Three-quarters of an acre of land yielded 45 maimds of leaf and 
eight maunds of seed. It was sown in April on irrigation, sufltered 
heavily from caterpillar and was in the ground 9 months. Two 
acres yielded 160 maunds of leaf, 21 maunds 8 seers of seed and 
some m,ore as a second crop. It was sown in October 1907, stood 
till January 1909, a total of 16 months. 

Other Food Plants. 

We have not found any other food-plant on which the insect 
can be properly reared ; in Assam other food is used to keep the 
stock alive through the rains but this is not desirable, as seed is 
now obtainable so easily. 


The Mahtjee. 

All acre of castor yields approximately 100 niaiinds of leaf of 
which about 30 maunds is turned into excrement and 30 niaiinds 
is waste leaf. The former when dried is a manure that should, 
according to the Imperial Agricultural Chemist, be applied at the 
rate of 4 maunds per acre. The latter is suitable as a green manure. 
In estimating the value of these as manure, the fact must be remem- 
bered that the excrement has been partly digested. 


ERI SILK AS AN INDUSTRY. 

In a previous section we liave discussed the climatic conditions 
under which eri silk can be grown andinconsidering the possibilities 
oJ; eri silk cultivation in any locality one must first consider this. 
In Assam, eri silk is grown from October to March mainly ; 
one reason why it is not grown in the rains is that castor does 
not tlirive then, another is that the parasitic fly is active then. In 
.Lower Bengal, eri silk can be grown at all times so far as the climate 
is concerned. In Bihar, the worms thrive and grow rapidly from 
June to November ; there is then a slow winter brood and the fol- 
lowing broods in March, April and May are liable to suffer from the 
extreme dry heat. In the United Provinces this is still more marked 
and it is better to cease rearing altogether for April and May, as the 
trouble of keeping the rearing houses moist is considerable. Good 
broods of cocoons have been obtained in the Punjab and Central 
India, but the long Avinter and longer period of dry heat make the 
cultivation unsa.tisfactory. In Kathiawar and Gujarat, broods 
are ol;)tained throughout the year except when dry hot weather pre- 
vails but the climatic conditions are suitable for about 10 months, 
the winter l)eijrg so mild that the broods then are but little prolong- 
ed. hi’om reports received from rearers, the West Coast and Mala- 
l)a,r !lr{^ well suited to the rearing throughout the year and much of 
South India, is well ada])ted to it. The Deccan is too hot and dry 
ill, March to May luit good broods arc got at other times and, with 
some (‘.are, tliroughout the year. In the Centa-al Provinces, rearing 
has be.en done only in (Jlninda and Beetul, but there successfully, 
a.nd a. great part of the Province is suitable. 

'Lh,e next consith'ration is the supply of food ; it is probable 
thai the (jua.Iity of the leaf is the important factor in disease, but 
we do .not know enough as yet to say what quality of leaf is dele- 
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terious. Mi-. 0. M. Hiitcliiiison has found by enquiry in Assam that 
the rearers regard leaf that has been grown quickly, say after prun- 
ing in warm moist weather, as unsuitable, perhaps because of its 
high moisture content. On the other hand, very old leaf is probably 
not suitable and one of the greatest difficulties seems to lie in regu- 
lating the leaf -supply. I am inclined to believe our outbreaks of 
disease were in part due to too heavy plucking followed by a pro- 
duction of new leaf which we used for feeding and we have 
undoubtedly not regulated our broods to our leaf-supply. So 
far as can be seen the art lies in maintaining sufficiently large 
broods to use the leaf regularly and to pluck all full-grown 
leaf before it gets old but not to have to strip all the leaf at 
any one time. That is, for one acre of castor, six regular 
broods of 30,000 worms is better than irregular broods with one 
big one. With only one lot of plant, one must of course start 
with a small brood when the plants are young, but if one grows 
perennial castor and one crop overlaps another by three months 
(July to October) one can have regular even broods. This 
question is so much a matter of local conditions that it musi , 
be considered for each place and it is essentially one to be talwA 
into account. The final consideration is the organisation of the in- 
dustry. In Assam, the industry is already organised ; there are. 
centres for the disposal of cocoons, for buying seed, for selling yarn 
or cloth. Elsewhere there are not and in Tirhoot, for instance, hiin-' 
dreds of rearers have given up for want of a market for cocoons. 
There is a demand for cocoons in. Calcutta and Bombay ; but some 
organisation must be formed to put the small grower in touch with 
it. At the outset that organisation must be created and the natural 
organisation is a Zemindar or landowner able to purchase and hold 
small lots of cocoons or cloth and sell in large lots or able to arrange 
for the purchase of cocoons at fairs or markets. The Silk Mills 
in Bombay, for instance, do not care to buy smaller lots than 
300 or 500 lbs. The carriage to Calcutta of small lots of 
cocoons is too heavy. So also for cloth ; there is only a local 
market for small lots but other markets for large lots. 
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The industry is one that depends on the presence of a buyer of 
small lots and as things are now, there is an assured market for 
large lots of cocoons. We find that cocoons can be reared in large 
rearing houses at Rs. 25 per maund of 82 lbs., paying for all our 
labour at from two to four annas a day. Such cocoons arc selling 
now at from Rs. 60 to Rs. 80 so that there would seem to be a good 
margin for the middleman ; the small rearer doing the rearing in 
his own house will not pay for labour as a rule so that a return of 
Re, 1 per seer should induce him to go in for it. In Assam, the rates 
paid fluctuate from 12 annas to Re. 1 per seer, depending on the 
cjuality of the cocoons, the large white fetching most, the brown 
least. We have eliminated the brown cocoons and all the seed we 
send out gives white cocoons. 

We are opposed to large rearing houses and believe that rearing 
in small lots by cultivators is the best, as is done in Assam. In 
Gujarat and in Tirhoot, it is found that an obstacle is the careless- 
ness of the people themselves, insufficient feeding producing poor 
cocoons ; this is not universal but there is a tendency to it and in 
some- localities it may be so ineradicable as to kill the industry. 
During the last year, we have trained a number of men in rearing, 
etc. To all we point out that it is useless going in for the industry 
unless they can sell cocoons or cloth and we have people come to 
Pusa thinking that they have only to learn and then we will make 
them well-to-do. But it is necessary to begin at the other end and, 
before coming, to consider if, in the locality in which it is intended 
to start, there is any likelihood of getting a sufficient volume of co- 
coons to be saleable. 

With regard to cloth, it is quite clear that it is more profitable 
to get cocoons spun and woven if a good quality of cloth can be made 
which will find a market. This means organisation ; it means giv- 
ing out the cocoons for spinning ; it means getting back thread and 
getting it woven into good even cloth suitable for the market. That 
this can be done where the women will spin and there are weavers, 
has been proved and the cloth fetches high enough prices if of good 
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quality, to make tlie profits much, greater. But it is useless 
eiu])arldng on.tliis uuiess one has taken account of this first. 

Eli silk is in demand for several reasons and the demand is so 
ill met that there are imitations on the market made of waste mul- 
berry and of mercerised cotton. But the demand must be under- 
stood. We liave not exhaustively investigated this point but we 
have had experience of disposing of cloth. In Calcutta, as in Mad- 
ras, and some centres in North India, good closely-woven cream 
cloth is wanted for suits. In Surat, a cheap open woven cloth is 
sold for dhoties, wrappers, etc., and is worn by Jains and others in- 
doors only. In Assam, a greater* range of cloth is made and sold ; 
there is prolrably scope for enterprise in special fabrics for the Indian 
and Anglo-Indian trade provided the qualities and special features 
of eri silk are taken into account. The material is, for instance, 
admirably suited to all fabrics requiring durability ; the “khaki 
shirting” is probably the ideal material for shikar clothing, 
expeditions, etc. ; the possibiliti€‘.s of eri silk hosiery are not yet 
tested ; the special qualities of the cloths, made of millspun eri, 
have not been exploited, and it is only in the last year that this 
material has been made at all in India. 

We believe that there is an immense field for guarante(‘d (vri 
fabrics in India, and that the very special cpialities of mills] )Uii eri 
will lead to an immense demand both in India and in Buropc' ; but 
in every point, enterprise is required. We cannot here adequately 
discuss this : we have tried to make as great a range of .fabrics a.s 
posvsible from eri, and to anyone who is enterprising enough to comtt 
to Pusa and. see, we will gladly give all the information in our 
power. (.)iir object here is to point out tliat on(‘. cannot rush 
blindly into such an industry without forethought, aiul that 
while eri silk growing is easy and profitable where the (X)ndil.ions 
are right, we do not recommend it as an universal profitable 
industry. 

We are here unable to fully discuss the one point that distiii- 
guislies eri silk from all others, Le,, that the fact that in no process 
is life taken and on that account the silk is not objected to l)y Jains 
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and others wlio will not wear nmlbeiTy silk, as in getting this latter 
the cocoons must be stifled. We are told that it is for this reason tha t 
erisilk is worn in certain ceremonies and it is probable that some part 
of the demand is due to this point alone. In that case it is necessary 
to exactly meet the demand by putting on the market the special 
fabric recpiired for these purposes and also by retaining the charac- 
teristic fea tures of eri silk cloth, so that there can be no doubt of it. 
The Assam traders have already got a bad name, as their goods are 
sometimes made partly of mercerised cotton and it will be fatal to 
any industry if this adulteration is practised. Indian silk fabrics 
are alrea.dy largely discredited in India owing to the immense amount 
of mercerised cotton, rhea and artificial silk, etc., used in their pre- 
paration and it is a very great pity that this practice has become so 
general It will be a very strong point in the eri silk industry in 
new places if every article is made only of pure eri silk and is guaran- 
teed so to be. It is a comparatively simple matter to detect ad- 
mixture of cotton but even without that, the bad cpialities of the 
fabric in actual wear will soon discredit it. We would urge intend- 
ing-producers to investigate the local trade, find what eri silk is 
required for, get samples and work to samples, guaranteeing every 
piece as pure eri and if necessary submitting it to test. 

Given that the climate is suitable, that there is castor available, 
how does one set about starting eri silk? In the first place, one|jj.» 
wants a small central rearing house to start and to show people 
we have arrangements now for seed-supply as shown above and 
seed is readily obtained. One wants a few trays as models or one 
must use cloth or matting. The first brood being through, the 
moths yield seed which is available for distribution. The cocoons 
left are cleaned when dry and put by. As rearers produce cocoons 
from the distributed seed, they are bought and preferably paid for 
on the basis of clean cocoons, i.e., one cleans the cocoons on the Cory- 
ton Machine and pays on the basis of the weight of clean cocoons, 
or one cleans a sample and pays for the raw cocoons on the sam})le. 

If one buys raw cocoons, one may be paying for dead moths, etc., in 
the cocoons and so lose heavily. Cleaning is essential and the trade 


prefer clea n cocoons as do tlie spinners. As the cocoons acciiiniiiate, 
they are packed tightly in 20-seer lots, as much compression being 
applied a,s is practicable ; we pack in gunny, making each parcel 
up to 20 seers, as this is the most economical package for goods tran- 
sit. Some railways give concessions for cocoons, taking them at 
half rates by passenger train and this concession will doubtless be 
extended if required. The cocoons are then sent off and the 
producer is charged one per cent, brokerage by the Calcutta 
buyers. 

If it is intended to spin, it is best to give out the spinning and 
not to attempt it by spinning in a factory with paid laboin’. This 
is an important point, and one of the chief benefits of the industry 
is that it provides light work for women in their own houses. We 
give out clean boiled cocoons and expect to get back all the weight, 
?be., if we give a seer we expect so much thread, so much waste and 
if uncleaiied cocoons are given, so much refuse ; we then pay Rs. 
to Rs. 5 per seer of thread according to its fineness. The rates, 
of course, will vary according to locality. The thread is examined 
and is sorted into qualities, some being finer, some coarser, ft is 
then given to the weaver for weaving with orders as to the class of 
cloth. The important thing is to get the cloth woven with a proper 
reed, usually 20 to 22 dents to the inch for suitings, but varying ac- 
cording to the class of cloth. This point must be attended to or un- 
saleable coarse cloths will be made. The cloths are then taken in, 
weighed after washing and the weight checked allowing a little foj* 
waste. The ordinary sizes of cloth are 1 1 yards by 27 inches, 7 yai'ds 
by 40 inches, 3| yards by 54 inches, but where long warps are made, 
it is best to warp out to 70 yards and weave 36 to 40 inches wide. 
For specially good cloths, fine threads are used for the warp but they 
are doubled to form a very smooth thread ; the usual method of 
doubling is to double it by means of the cJiarka or hand- wheel, but 
this is far more expensive than doubling many pairs of threads at 
once on a proper doubling machine. 

We have already pointed out that no use has as yet been made 
of eri yarn spun in mills. We have used yarns of the following 
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counts, made in Bombay : — 140/2, 160/2 and 280/2. These yarns 
are almost identical with mulberry yarns but the unbleached fabric 
has a peculiar tinge of “dust’ ’ colour, a shade like very pale tussur 
and quite indescribable, w'hile they can be bleached to a good cream 
colour. The fabrics are very soft and silky, far more durable than 
mulberry silk and far more resistant to perspiration, dust, etc. But 
unless bleached, they are not white and this natural colon]’ which 
does not wash out, must be made use of. It makes the cloths suited 
specially to chudders, shawls, cloaks, rugs, etc., which are to be worn 
in the open and which are not required to show dust. Tlie vei’v 
finest fa,brics can be made and the yarns dye readily as ordinary spun 
silks do. The lower counts of yarn are specially suited for warp, 
using hand- spun eri in the weft, the resultant fabric in this case 
being, of course, pure eri and of very good quality. 

As tilings ai'e at present, the mills are dependent upon gi’owers 
foi! their supplies, the supplies from Assam being of bad quality very 
often and not making good yarn on account of the admixture of 
brown cocoons. It is therefore possible for large producers to send 
their cocoons to the Bombay Mills and to purchase pure eri yarns 
at the market rates. 

Eri Silk as an Industry in Assam. 

No enquiry has been made as to the extent of the present eri 
silk industry. It is grown for local use in many districts in Assam 
and in Bogra, Bangpur, Jalpaiguri and Mymensingh in Eastern 
Bengal. The industry is a small or “home” one, the cultivators 
rearing in their houses sufficient worms to provide silk for their 
own spinning and weaving, to clothe themselves with the cloth 
produced. The surplus is purchased by the factories or by dealers, 
the former as thread for weaving, the latter for sale in Calcutta 
for export to Europe, principally to Switzerland. 

In Assam, the chief rearing is done from October to February ; 
castor grows best at this time, not growing well during the monsoon 
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BY 

Dr. J. L. HANCOCK. 

The members of this subfamily of small acridians are so variable 
in structure and colouration, that difficulty is experienced in drawing 
specific distinctions between some of the closely allied forms. A 
notable instance of this variability is shown in the genus Eufara- 
tettix Hanc., which in India and Ceylon is represented by a number 
of species showing considerable fluctuating variations among indi- 
viduals, as well as apparent hybrids. These various forms, of 
course, have not been given separate consideration, as only experi- 
mental pedigreed breeding can determine the limitations of these 
forms. The best that could be done was a systematic arrange- 
ment of species, and by a careful study of this genus the members 
can be divided into two groups, as shown in my key to the species, 
by the characters of the frontal costa and position of the superior 
paired ocelli. 

Walker(l) has described under Tettix a number of species of 
Tettigids from India and Ceylon, some of which I find next to 
impossible to consign to their systematic position. Kirby has 
helped matters recently by attempting to place Walker’s species 
in his '‘Synonymic Catalogue of Orthoptera,” but until these 
species are again clearly described from the types in the British 
Museum, many of them Avill remain obscure through one’s inabil- 
ity to recognize them from the original descriptions. 


(1) Catalog, Devmap, Sanatoria, British Museum, Part V, 1871. 
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Ihp Juatmal forniiiig tho ])asiR of tin's pajx'r was inaiiiiv l'r<Mn 
the Agrioiiltiiral Koseareli Institute, Piisa, Hiliar. TIk' insarls woiv 
subniittocl to me for determination by the Oflicialing im[)('rial 
Iiintomologjst, Mr. T. Bainbrigge Pleb^her, to whom I iembo' in\' 
acknowledgment. The species are nearly all from India,, i.id some 
additional species from other regions, represented in my colh'ction, 
ai-e treated in connection with the foi'cgoing material. 


Genus Scelimena. 

Serville, Hist. Nat. des Ins. Orthopt.. p. 7(>2, 1H30 ■ llolivar 
y.i. «oc. Ent. Belg., XXXI, p. 213, I8H7 ; llunnH-i, Spul. Zcvl;,,,. 
il, p. .107. .1904; Gen. Insect., Fasc. 4S, pp. 2] 22, lOOii. 

S. harpago, Serv. 


J.f’tnx [SceUmena) harpago, Serv. 1. c., p. 703, iS30 

r,. „>ik.,.iinn h.ii,,- 

icHi. 2,o00 ft., April 1908 (D. Nmorojec). 

XA ti on each si,lo anuing tl„. laLral 

obe. of tbe pronotain. The .pine, in k.fj.n!. llan,... are l,o„k,..l a,„l 
acwmpaniecl by a secondary tuberele plaoed before then, u.-ll 





Genus C.EioTEri’ix 
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t han l,ho mislps ol (lio eyes. I>,-onotum deplaiiate, dorsnm granoso 
nnove,, l.atavoen the shoulders, and behind the shoulders distinctlv 
i'lfoasuiate. the upper aspect of the base of process preseutina a 
■serjes of uneven depressions and small elevated nodes ; median 
carina discontmuous, irregularly sinuate, obsolete forward near 
le Iront boivksi', nodulose between the thoracic sulci, more con- 
spicuons over base of process and obUterated bacbvard toward the 
pionotal apex: posterior process lengthily acute produced beyond 
lie hmd femoral knees; lateral lobes outwardly deflexed and 
abmdiy produced m an acute straight spine directed transversely. 

^ ytra elongate, strongly punctate, apices rounded ; wings fnl'lv 
e.xp icato, almost reaching the apex of pronotal process. Anterior 
temora slender, margins entire; middle femora somewhat hilobate 
lelow; postenor femoral margins entire or minutely serrulate: 
pos erior tibiae moderately dilated toward the apices but not like 
l odtme'na, the carinse armed with spines; the first article of the 
postenor tarsi narrow, equal in length to the third article, the, piil- 
vilh rather stout and graded in size from first to the third, the 
third longest and flat below. 

Maletype, entire length of body 18'.5 inm. ; pronotuin IVS mm.: 
posterior femora 7 mm. 

Habitat ; Madras, Shevaroys, 4,000 ft. (0. W. Mason) Auv. 24 
1907, Piisa collection. ^ 

This large species recalls to miiid Scelimena gavialis Serv., but 
ixc oser study of its characters shows its true position in Criotettix 
■bol. and It resembles C. flavofictus Bob 


C. montamis sp, nov. 

A mode,rately large species, resembling the preceding; body 
gi<inose, coloured cinereous. Vertex smoother, slightly narrower 
tian one of the eyes, little ampliate backward, middle carinate; 
c>es globose ; frontal costa lightly arcuate between the anteniife 
moderately silicate and extended above the paired ocelli to the ver- 
tex. Antemue inserted between the lower angles of the eyes. Prono- 
tiim deplanate on the dorsum, rather smooth, on each side between. 
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the shouklers provided with very iudistiiict abl/i'evinied (‘iu'imihi, 
uneven on the disc, lightiy bifossukte behind; prozonnl carinu* 
fo],‘ward distinct and barely convergent backward ; posterior procf'ss 
acuminate produced beyond the hind femoral knees, towair! ihe. 
apex smooth; median carina irregularly undulate; lateral lolx.^s 
scarcely tledexed, little triangulate produced, but not tlistinetly 
spilled. Elytra subovate acuminate, the apices rouiuled, wings 
reaching to the end of proiiotal process. Anterior and iniddh; 
femora entire ; posterior femoral margins above graiiosi* oi' niinut(dy 
serrulate, the outer face granose ; posterior tibim sonnavliat sinn- 
ate-curvate, the carina^ armed with spines; the first and Ihiid 
articles of posterior tarsi equal in length, the first 1o tlie Ihii'd pui- 
villi graded in length, the third longest and more decidedly llattnmal 
below. 

Male, entire length of body 16*5 mm. ; pronot. 15 inm. ; pos- 
terior femora 7 mm. 

Habitat : Punjab, Siinla, 7,000 ft., Oct. 1907 (H, ill, Lefmi/)^ 
Pusa collection. 

This species is distinguished from liy the wider sulca- 

tioii of the frontal costa, and its extension above or behind tlui 
paired ocelli, the smoother dorsum of pronotuni, and tlu’- triangu- 
late but not spined lateral lobes, which are tlistinctly spined in 
extremiis. 

0. grandis sp. nov. 

Body slightly larger than extremus, rather smooth, resembiing 
that species, while somewhat suggestive of EugaamlkUmn Hanc. ; 
coloured cinereoiis-rufescent, eyes pale, legs marked with fuscous. 
Vertex smooth, subequal to one of the {;yes, slightly a,mpliat(‘ 
backward, middle carina very small anteriorly and sctarcady |):ri>- 
jecting ; the frontal carinulse hardly eksvated ; frontal costa, 
little arcuate between the antennae, divided above tln^ ])furod o(Mdli, 
moderately divergent forward ; antennjB inserted between th.c iow('r 
angles of the eyes. Pronotum slightly angularly excava,tG. at the 
front margin ; dorsum deplanate and sojnewhat smootii granose, 
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tile disc n,ii.d base of process longitudinally bifossiilate, not bearing 
nodulate eIe.vations as in exlremuH ; posterior process smooth and 
rounded, lengthily acuininate produced beyond the hind femoral 
knees ; anterior prozonal carinse convergent backward ; very thin 
abbreviated carinulae appear between the shoulders ; median carina 
low, strongly depressed, little elevated nodulate between the 
thoracic sulci forward, straight on process and nearly obliterated 
toward the apex ; lateral lobes decidedly deflexed, the posterior 
angles bearing distinct triangular sharp spines directed trans- 
versely ; elytra ovate, narrowed toward the base ; wings extended 
to apex of pronotal process. Anterior ancl middle femora slender, 
margins entire, posterior femoral margins minutely serrulate ; 
hind tibiae sinuate-curvate and armed with spines. 

Male and female, entire length of body 17*5 — 20 mm. ; prono- 
tum 17 — 19 mm. ; post, femora 6*4 — 8 mm. 

Habitat : Assam, Cherapunji, Khasi Hills. In iiiy collection. 

This species resembles C. flavopictus Bob, hut differs in being 
larger and more depressed between the shoulders. In my former 
paper in Trans. Ent, Soc., London, p. 220, 1907, this species was 
taken for fiavopictiis, but more material in hand for comparison is 
convincing evidence that they are distinct. 

C. tricarinatMs, Bob 

Bolivar, Ann. Soc. Ent. Belg. XXXI, p. 224, 1887 ; Hancock, 
Spolia Zeylanica TI, p. 128, 1904, Figs. 15 — 15b. 

Habitat : Madeas, Slievaroys, 4,000 ft. ; Aug. 24, 1907 (C, W, 
Mason), '' on grass,” Pusa collection. 

Three examples of this species fi’om this locality are indistin- 
guishable from specimens in my collection from Ceylon. 


C. a-^qiialis sp. nov. 

Body very smooth, granosc punctate ; coloured pale yellow- 
isli brown; eyes globose and prominent. Vertex smooth, 
narrower than one of the eyes, very little ampliate j^adeward , 
middle feebly carinate, and depressed on each 
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iiuliTj arcuate reflexed laterally ; frontal costa nan-owly dividi'd 
above the paired ocelli, divergent and more crassate Ixdov’. iji 
profile arcuate between the antenmn ; paired ocelli placed IxdwcM'ii 
the middle of the eyes ; antennae inserted between the lower fourth 
of the eyes. Pronotum siibcylindrical forward, the aiitej-ioi- ])!.•()- 
zonal carinae nearly obliterated, dorsum deplanate, smooth graiiose- 
punctate, lengthily longitudinally bifossulate on disc and base of 
process, between the shoulders bearing two abbreviated (-a rime not 
at all distinct, posterior process lengthily acute produced ; median 
carhia indistinct forward near the anterior border, little elevated 
between the thoracic sulci and very low obliterated backward 
toward the apex of process * lateral lobes moderately deflexed, 
slightly triangulate produced but not strictly spined. Anterior 
femora slender, margins entire ; anterior tarsi annulate with 
fuscous. 

Sex not appaimit owing to mutilation ; entire length of body 
to apex of pronotum 18 ’5 imn. ; pronotum 17 mm. 

Habitat : Bengal, Phoobsering, Lebong, 5,000 ft. (Parkidac) 
Hov. 1910, Pusa collection. 

Ihis species recalls Bolotettix Hanc. in the smooth dorsum and 
obliterated prozoual carime, but the insertion of the antenme 
between the eyes and other cdiaracters mentioned above jilaccs it 
in Crwtetkx, Bob 


Genus Loxilobus. 

Hancock, Spolia Zeylaiiica 11, p. 134^ 1904^ 

L, asmmus Hanc. 

Hancock, Trans. But. Soc., London, p, L>23, 1907, 

iH the oi'igiual Cteeriptioi, of tlii« species ti,e measuremenis 

were juadverMy a„d are givi herewith:-: 

ilaie and female, entire length of bodv 8- 0 mi.i , ^ 

8 ma,; post, feaora 6 mm. 
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L. hancocki Kirby. 

LoMlobm nujosuH Hancock, Spol. Zeylanica 11, p. 135, 1904 ; 
Kirby, Syii. Cat. Ortliopt. Ill, p. IS, 1910, rugoi^us Hanc. prcoccu- 

■■■pied;.. ,■ ■ ■ ' ■■ ■ !• 

Habitat : Bombay, Baasciii Fort, Oct. 1909 (A. Mujtaba), 
Biisa collection. 

The type from which I described this species is from Ceylon 
aiid the examples from Bombay do not differ from the type. 

L. ac utils Hanc. 

Hancock, Spolia Zeylanica II, p. 134, 1904, Figs. 3, and lAki, liyb. 

Male — Body slender, rugose granulate ; colour grayisli. Vertex 
slightly wider tliaii one of the eyes, ampliate backward, fossulate 
on each side between the middle of the eyes, median carina in front 
joined with the frontal costa formed in a rounded produced pro- 
file, viewed in front barely silicate above the paired ocelli and 
narrowly divergent forward. Pronotum rugose, bearing small 
tubercles and graniilose lines, doj'sum convex between but slightly 
depressed behind the siioulders ; humeral carime distinct ; prozonal 
carimti forward short and convergent backward ; median carina 
interrupted compressed-sinuate ; posterior j^rocess lengthily acute 
produced. ; lateral lobes deflexed, margins obliipie, posterior angles 
armed with small s])ines with subcarinate base ; wdngs fully expli- 
cate, extended beyond the pronotal apex ; elytra elongate, apices 
rounded. Posterior femoral margins entire, external surface 
rugose ; hind tibia) lightly subsinuatc-curvate, armed with spines ; 
first articles of })osterior tarsi longer than the third. 

Entire length of body 13 mm. ; pronotum 12 mm. ; post, 
femora 5 mm. 

Habitat: Bihau, Pusa, rliily 9, 1910 (T. Bambrigije Fletcher), 
Pusa coll. 

The spines of the lateral lobes in th,is male are. slightly sharper 
tlian in the t}'pe female from Ceylon, but in other respects it is 
si]]iiiar. 
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Genus Thgeadonta. 

Hancock, Trans. 35nt. Soc., London, p. 407, 1907. 

T. s'piciilobci sp. nov. 

Reseni})ling spinata Hanc. Body rugose ; coloured cinereous, 
brownish, or fuscous. Vertex about twice the breadth of one of the 
eyes, sub quadrate, in profile scarcely or not pi'odiiccd beyond the 
eyes ; frontal costa narrowly sulcate between the paired ocelli, rather 
widely divergent forw'^ard, in profile sinuate betw’'e(Ui tlie eyes and 
protuberant between the antemia\ Proiiotuni above rugose, gib- 
bulose forward beWeen the thoracic sulci, anipliate between tlu^ 
shoulders ; prozonai caiina3 forward nearly parallel ; humeral angles 
distinct and carinate ; lateral carinai behind the shouldei's eleviited 
compressed ; dorsum between the shoulders bearing twxi abbre- 
viated carinulee ; median carina strongly sinuate compressed forward 
on the gibbosity and backw'’ard interrupted sinuate ; posterior process 
cimeate, the apex acute and little turned upward passing little 
Deyond the hind femoral knees ; posterior angles of lateral lo])es 
dilated but constricted and formed in a produced sharp transverse 
spine ; elytra subovate ; wings develot)ed reaching nearly to the 
pronotal apex and beyond the hind femoral knees. Anterior femoral 
carinse sinuate ; middle femora below subtrilobatc ; posterior femoi*a 
stout, rugose, outer face above bearing a series of nodes ; fij*st articles 
of posterior tarsi little longer than the third, the three pulvilli acute 
subspinose, nearly equal in length, but the third more flat below'. 

Male and female, entire length of body 8-7— 9hmm. ; pionotum 
8~9'5mm. ; post, femora 3*7— 4mm.. 

Habitat; Biitar, Pupri, Miizaifarpur (P. U. N.); Pusa (//. J/. 
Leffoy), Mar. 5 , 1904 ; Durbhanga (P. U. N.), Jan. 5, 1905. Pusa coll 

Genus Mazarredia. 

Bolivar, Ann. kSoc. Ent. Belg. XXXI, p. 236, 1887 ; Hancock, 
Gem Ins. Orthopt, Ease. 48, p. 42, 1906. 
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M. latifrons sp. nov. 

Dark riifescent. Vertex horizontal, very wide, equal to hvice 
the breadth of one of the eyes, slightly widened backward, frontal 
carinulse roundly reflexed laterally, median carina somewhat dis- 
tinct and roundly protruding at the front border, on each side fos- 
sulate ; frontal costa produced subsinuate between, the eyes and 
arcuate protuberant between the anteniise, viewed in front moder- 
ately silicate between the paired ocelli and very little widened for- 
ward subparallel : paired ocelli placed barely below the middle 
of the eyes ; antennae placed between the loAver angles of the eyes. 
Pronotum deplanate, rugose, marked with cicatrices backward on 
the process, forward compressed gibbose between the thoracic sulci, 
elevated higher than the dorsum, summit little crenulate ; prozonal 
carinae forward distinct and convergent backward ; lateral 
carime extended forward on the shoulders as granulate lines, making 
them bicarinate ; dorsum between the shoulders rather narrow, 
bearing abbreviated carinulse on each side, and depressed backward 
behind the anterior gibbosity ; posterior process acuminate pro- 
duced beyond the hind femoral knees, the lateral carinae little 
compressed ; posterior angles of the lateral lobes reflexed, angulate, 
obliquely truncate behind ; elytra strongly punctate, rather small, 
oblong and subobliquely truncate behind ; wings explicate reaching 
to the pronotal apex. Anterior and middle femora little com- 
pressed, margins granulate ; hind femora elongate, with distinct 
antegenicular spine, outer face bearing oblique ridges and above 
provided with a series of large tubercles, the carineo minutely ser- 
rulate-granose, hind tibige subsinuous, strongly armed with spines, 
all the pulvilli of the posterior tarsi equal in length. 

Female, entire length of body 14mm. ; pronotum 13mm. ; post, 
femora 7'5mm. 

Habitat : B.engal, Phoobsering, LG])ong, Darjiling, 5,000 ft. 
{Partridge). Pusa coll. 

This species nearest resembles M. lativertex Brunn., but the 
pronotum is more gibbose, and differs in the shape of the lateral 
lobes. 
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M. cliinensk sp. nov. 

Similar to tJie preceding; body nioderately crassate. ; dorsum 
gibbose forward and strongly riigose-cicatrose : colour dai’k brownish 
nifescGnt. Vertex very wide, fully twice tlie breadth <.)f one of tlu' 
eyes, fossulate on each side forward, median cariiia little roundly 
produced beyond tlie eyes ; frontal costa sinuate between tlie eyes 
and protuberant between tlie antennai. Pronotiim gibbose forward 
lietween the thoracic sulci, the sumiuit crenulate and elevated 
distinctly higher than the dorsum ; median carina distinctly exca- 
vate between the humeral angles, backwards irregularly tuber- 
culate or crenulate; dorsum strongly bifossulate longitudinally 
on the disc and base of process and strongly j'ugose cicatrose, pos- 
teriorly lengthily acuminate ])rodiiced beyond the hind femoral 
knees, about four millimetres ; elytra of moderate size, the apices 
obliquely lounded-truiicatc ; wings reaching to the pi'oiiotal apex ; 
posterior angles of the lateral lobes of pronotiim distinctly align- 
late dehoxed, oblirpicly truncate subsiiiuate behind. Anteiior 
femora little compressed ; middle femora slcndei*, the caihim sinuous ; 
posterior femoral carina3 above entire, minutely serrulate, tiiaii- 
gulaiiy acute dentate before the knee, inferior lairina pi’ox'idt'd 
with a series of small light tubercles, the extinnal pagina ubo\'(‘ 
bearing a series of large rugose tubercles, the middle jiortion having 
oblique riigtilaj. 

Male and female, entire length of body 17 — ISmni. ; promduni 
]() — 1.7nim. ; posterior femora 7 — 8mni. 

Habitat : Tomkin, Than Moi, 2 — 3,000 ft. April — May. (//. 
liolle). In my collection. 

The vertex in this species resembles laUjroiis nov. sp., and 
latimiex Brurm., but it diftei’s in being a huger species, tlie prono- 
lum above more uneven, rugose ; the forward gibbosity morii pi-o- 
uouiiced, and the lateral lobes more strongly deilexed, wliil(‘ llu' 
pronotal process is loiigej*, and a series of very small iuhejvles marks 
the course of the lower hind femoral carinue. It dilTers from .sculpfa 
Bob in the more strongly deflexed lateral lobes, and distinc.1l\' 
rugose pronotiim, as well as the wider vortex. 
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M. dubi a Bi). iioY. 

Body less cravssato, dorsum smootlier, tliougli soincwliat rugose 
and not at all gibbose ; colour gra}^, pale variegated or browiiisli 
rufescent. Vertex little wider than one of the eyes, deplanate and 
ampliate backward, front border advanced nearly as far as 
the eyes, the sm.all frontal cariniilse obliquely curvate laterally, 
median earina little roundly produced ; frontal costa distinctly 
a,rciiate protuberant between the antenna', and between the eyes 
slightly sinuate, moderately silicate ; paired ocelli placed betwee]i 
tlie .middle of the eyes ; antenna; inserted in advance of the eyes 
but scarcely below their lower angles. Pronotuin above deplanate, 
dorsum granulose-tuberculose, between the shoulders transversely 
convex. Ijcai'ing two ablireviated cariiue ; humeral angles bicari- 
nate ; median earina slightly sinuate forward, barely elevated 
between the thoracic sulci, then straight backward ; prozonal 
earina; forward distinct and decidedly convergent backward ; ]>oste- 
rior process lengthily subulate produced, over four millimetres 
lieyond the hind femoral knees ; posterior angles of the lateral lobes 
little deflexod, angle obtuse, obliipiely truncate behind ; 
elytra rather large, elongate, apex subrounded truncate ; wings 
extended as far as the pronotal apex. Femora slender, anterior 
femoral carinae substraigl.it; middle femoral earina; subundulate: 
posterior femora externally rugose, bearing a series of large tubercles 
above, and oblique rugie at the middle portion, earina; above and 
below (;ntire ; the three pulvilli of the posterior tarsi eijual in length. 

Male and female, entire length of body lorn — lOmnini. ; pro- 
.uotuni 14‘5 — Ibinm. ; ])ost. femora (Fo — 7mm. 

Habitat : BuNtniL, Phoobsering, Lebong, Ijarjiling, 5,000 ft. 
{IL ill. Le fro ij). Piisa coll. 

This species has the dorsum more equal than mdpia Pol., and 
lacks the forward gibbosity on the jn’onotuin. 

Genus tiPADOTETTIX. 

Hancock, Spolia. Zeylanica, VI, p. 140, 1010. 


TEtRIGIN^. 


. 14-3 

Body i‘ugose or graiiose, apterous or winged. Vertc'x sub- 
bonzoutal, wider than one of the eyes and strongly pj’odiu'i'd, 
middle carinate, very prominently projecting from tlie front bor(l(?r ; 
viewed in profile acute ungulate produced ; face strongly o])li(]ii(‘. : 
frontal costa sinuate between the eyes ; antennse short, articles 
elongate, composed of fourteen articles, inserted between the lower 
angles of the eyes ; superior paired ocelli placed between the middle 
of the eyes and conspicuous in profile \dcw ; eyes moderately small, 
conoidal in jn’ofile. Proiiotum rugose, or granose, trimcate aide- 
riorly ; dorsum deplanate, posterior process acute pi’oduccal ; pos- 
terioL* angles of the lateral lobes defiexed truncate, or acute pro- 
duced ; anterior and middle femora elongate, slightly compreswal. 
earinse siibundiilate or below sublobate ; posterior tibiic scarcely 
ampliate towards the apices, more or less siniiate-curvate, (‘arime 
armed with spines ; first article of the posterior tarsi equal to tlu* 
tlrird or scarcely longer. 

The above generic description is somcwliat modifi('.d in ordei* 
to admit the new species from India hercwitli described. I’he 
species fietclieri Hanc. from Ceylon is apterous, the new spe(.'it‘s 
being winged. This genus belongs iji the section Metrodorw. near 
Mitfitettix Hanc. {Mitmria Bob preoccupied. *) 

S. provertex sp. nov. 

Body rugose, colour brownish rufescejit ; eyes small, co])oidal 
in profile ; face strongly oblique. Vertex strongly produced, about 
twice the breadth of one of the eyes, front border carinate, sub- 
rounded, the median cariiia distinctly produced as a projecting 
tooth and crassate at the apex; in profile acute angulati'. produced 
about three-fourths the length of one of the eyes ; frontal costa 
sinuate between the eyes, little compressed between tJie ajitenme ; 
paired ocelli conspicuous; antennge inserted betweem the 1ow<m* 
part of the eyes ; apical articles of palpi widely dilate.. Pronotum 
above deplanate, convex between the shoulders, dorsum rugose 
bearing distinct elevated lines, tubercles and granules ; shoulders 

* See Gen. InHect. Fasc. dS, p. .11, IfJOC ; Trunt-'. Knt. Sem,, Lond., p, 2'2i), 
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Licariiiate, Immeral angles inconspicuous and carinse indistinct ; 
prozoual carinse rather long, parallel but interrupted backward ; 
lateral cai’inse on the process distinct, little compressed, and 
percurrent forward on the shoulders ; median carina interrupted 
tubcrculate ; posterior process acuminate produced much beyond 
the hind femoral knees, toward the apex rather stout ; posterior 
angles of the lateral lobes dehexed laminate, constricted subspiuate 
produced and above subcarinate ; elytra elongate, apices rounded ; 
wings extended nearly to tire pronotal apex. Anterior and middle 
femoral carinar below indistinctly bilobate ; posterior femur 
elongate, margins minutely serrulate ; posterior tibiie sinuate- 
curvate, carinio armed with spines ; the first article of the 
posterior tarsi having the first two pulvilli equal in lengtli, the 
third little longer and flattened below. 

Female, entire length of body 14*8mm, ; pronotum 13-4min. ; 
post, femora 6mm. 

Habitat : Madras, Shevaroys, 4,000 ft,, Aug. 1907, (0. W. 
Masofh), Pusa coll. 

This interesting species is much more rugose and larger than 
fletcheri Hanc., and very distinct, though similar in the head 
characters. 

Genus Systolederus. 

Bolivar, Ann. Soc. Ent. Belg. XXXI, p. 234, 1887 ; Hancock, 
Spol. Zeyl. 11, pp. 136, 137, 1904 ; Gen. Ins. Orth., Fasc. 48, 33, 
1906. 

S. lohatus sp. nov. 

Body little rugose, granulose, eyes strongly exserted, colour 
grayish fuscous. Vertex narrowed forward, about half the breadth 
of one of . the eyes, frontal carinulse very small, obliquely curvate 
laterally, median carina little prominently advanced, about as far 
as the eyes; frontal costa compressed carinate between the eyes, 
indistinctly sulcate between the paired ocelli and widely sulcate 
forward, marked with minute pale spots, in profile arcuate pro- 
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tuherant l)ot\vofui. the antenntB and simiato at the base; afiltniiia* 
inserted much below the eyes ; ocelli placed ht'hvet'n tln' lower 
fourth of the eyes. Pronotmii deplaiiate, graiiulose, litth' rugose 
in front of the shoulders, lightly constricted: anterior margin not 
re flexed, sulci strongly impressed ; dorsum betwi'cii the shouhh'rs 
(lepi'essed and behind the shoulders bifossulate ; lateral carimu at 
base of process distinctly extended forward between tlu' shoulders, 
making the h inn era! angles bicarinate; prozonal carime lorward 
distinct and siibdivergent backward ; median earina irr(‘gii!arly 
undulate : ])rocess long acute produced, the apex not at all bispi- 
nose: posterior angles of the lateral lobes (ba-idiHlly dellexed, 
scarcely sinuate-triincate obliquely behind : elytra small, acu- 
minate toward the apices ; wings extended to tlu^ ])ronoial ap(*x. 
Anterior and middle femora elongate, margins entiiv : subgenit-al 
plate below the female ovipositor dentate produced at the middh', 

Feinale, entire length of body 13'5mm. ; pronotum 12*r)mm. 

Habitat: Bengal, Phoobsering, Lebong, Darjiling, o.tMH) f(. 
{PaHh'ldge) Oetober. Piisa collection. 

This species has the vertex wider than usual, and It resernbles 
■ miQfnahfs Hane. These two species i^'cull a^^n siarin to 

merge into, that genus. 

■ Genus COPTOTETTIX. 

Bolivar, Ann. Soc. Ent. Belg. XXXI, p. 287, 1887 ; Hancock, 
Spol. Z('.yl. II, p. 152, 1904; Gen. Ins. Ease. 48, Orthopt,, p. 65, lOOO. 

C. indiens sp. nov. 

Obseurc grayish brown, process lighter ; body minntedy rugos('- 
granulate. Head not at all exserted ; vertex equal in width to 
one of the eyes, narrowed forward and fossulate on (aieli sid(‘, tlu' 
supraocular lobes distinct, median earina joiruMl with the frontal 
costa 7’oiindly produced in profile, base entire, the carime (.>f frontal 
costa viewed in front narrowly snlcate ]>ehind tlie pn.ii‘e<l ocelli 
and extended subparallel forwaixl ; antenna) insert(‘d distinct ly 
between the eyes. Pronotum above minutely rugidose, graii(,)S(% 
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snhtulx'rculoso o?i tlio process ; dorsiun het.W(‘(Mi tlie shoulders 
(‘ouv('x. and hearing two al)])rcviated carinida^ ; humeral angles 
widely obtuse carinate ; latercil carinse indistinctly pcmcurrent on 
th(i >shoid(lers, base of process slightly depressed ; metlian cavina 
scarcely elevated between the sulcus forward, then sinuous back- 
ward ; process lengthily acuminate produced beyond tlie hiiid 
femoral knees (two and one half millimetres) ; })oste.rior angles of 
the hxteral lobes slightly rehexed, the apex narrowly angulate trun- 
cate ; elytra modej’ately large, elongate, apices o])li({nely rounded ; 
wings extended beyoiul the pronotaJ apex ; anterior femom fili- 
fonn ; iniddle femora in the male ampliate-compressed ; posterior 
femora distinctly widened toward the base, stout: the third pul- 
villus of the posterior tarsus distinctly longer than the second ; poste- 
rior tibia! carinae minutely serrulate ai]d armed with spines. 

Male, entire length of body ]2nun. ; pronotum Ikomm. ; post, 
femora 5‘3mm. 

Plabitat : Bombay, Kalyan, 14 Aug. 1010 (T. Bahjhric/gc 
Fletcher). Pusa coll. ‘‘At light.*’ 

This species is smoother than josf^idatus Bob froh^^^^hylon. the 
pronotum less tectiform, has longer wings and largA;2^1'ytra.y3RARY. 



C. 'parvuhis- sp. nov. 

Body very small, coloured brownish, lighter and 
with fuscous on the pronotum. Head not at all exserted ; vertex 
naiM’owed forward, little narrower than one. of the eyes, and fossu- 
late 0.11 each side, frontal carinulse subtransverse bnt angularly 
reflcxed laterally, middle carinate : frontal costa arcuate produced 
])etween the antennm, barely subsinuate between the eyes, and litth? 
sinuate at tlie liase, viewed in front widely and evenly divei’gent 
forward ; antennae inserted between the lower part of tbe eyes, 
articles strongly elongate. Pronotum anteriorly scarcely obtuse 
angulate, posteriorly abbreviated, the apex widely rounded, and 
reaching to about the middle of the hind femora ; dorsum granu- 
late, transversely tectiform between the shoulders and subbifos- 
siiiate behind the disc ; median carina compressed, little a.rcuate 
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fi>rwar(I, .straight on the disc, sloping toward the apex ; hunua:a,l 
angles obtuse cai'iiiate ; posterior angles of the lateral lobes obtuse, 
little reflexed, the superior sinus very .shallow ; elytra very luiniflc, 
elongate ; wings not visible. Anterior femoral margins below 
little compressed entire ; middle femora in male wider compres.siHl . 
the width about one half that of the length, bicarinate abo\'e, 
margins entire ; posterior femora strongly crassate, the superior 
{■aianm minutely seriailate and bearing an angiilate lobe before the 
knees, carina below marked with black spots; the fir.st and second 
piilvilli of the po.sterior tarsi acute .spinose, the third longej’. 

Male, entire length of body to apices of hind femora Tmm. ; 
pronotum 4mm. ; hind femora 3-5mm. 

Habitat: Bihar, Chapra, {Mackenzie). Pusa collection. 

C. Giiftifemds sp. nov. - • 

Body robust, short -winged, above minutely rugose-granost*, 
colour entirely ochre-brown except two dark spots behind the di.se. 
Vertex narrowed forward, subecpial in width to one of the eyes, 
transverse^ carinate, angularly reflexed at the sides, little ainni- 
ately elevated, fossulate on each side between the forward half of 
the eyes, the front advanced as far as the eyes ; frontal costa widt'ly 
silicate, in profile convex between the antennae, not at all sinuate 
between the eyes ; paired ocelli placed between the lower third 
of the eyes ; antennae inserted considerably below the eyes. 
Pronotum deplanate above, gibbulose forward between the sulci ; 
the median carina arcuate forward, depressed between the shoulders 
and then undulate interrupted backward ; dorsum, rather wide 
between the shoulders, rugose granulose, and somewhat tuhe,i- 
ciilose, prozonal carinae forward distinct, very short, and conver- 
gent backward ; pronotal process produced cuneate, reaching to 
the apices of the hind femora; posterior angles widely rounded, 
little reflexed ; elytra of moderate size, acuminate towards tin* 
apices ; wings extended little beyond the pronotal apex. Anterior 
and middle femoral margins subentire, below setose or hirsute • 
posterior femora crassate, the superior carina at the distal half 
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S('7‘ni.Iato { 1 , 11(1 tridciitiito inoliidiiig tlie a])i,cal spine, (‘xtermi] 
|{i,t('riil (tariiio, subliiberciilose, inferior ctiriiia sparingly setose; bine! 
tibitxi erassate and armed with strong spines ; first {irticle of tin* 
[losterior tn.rsi longer tlian tlie third, the first and second pulvilli 
small, tlu'. third as long as the first and second combined. 

Female, entire length of body 9*7inin. ; pronotiim 9inni. ; post, 
femora 0mm. 

Habitat : Bengal, Lebong, Darjiling, 5,000 ft. June 1909, 
{l-L i\L Leifoy). Piisa coll. 

Tin.' position of the paired ocelli and the insei-tion of the 
antianue in this species is like the structure found in MarMfredia 
IfoL, and the present species occupies a place on the border line 
l.)etw(ien the two genera. 

t, Genus Heootettix, 

Bolivar, Ann. Soc. Ent. Belg. XXXI, p. 283, 1887 ; HancocJv, 
Bpol. Zeyl. 1.1, p. 148, 1904 ; Gen. Ins. Ease. 48, Orthopt., p. 00, 1900. 

IL graoilk de Haan. 

Acridimu {Tdrb') <jmcik dc; llaaii, Bijdrag. Orthopt., p. 109, 
1843 ; Bolivar, 1. c. p. 280 ; Haiunck, Spot Zeyl. 11, pp. 149, 150, 
figs. 19-196, 1904. 

Habitat, Buiar, Pusa, Chapra. Pusa collection. 

Some of these specimens resemble rc^presentativns in my 
collection from -lava and Ceylon, but there is also a vaiiety that 
is moi’e slender between the sluxulders. 

IL oostatus sp. nov. 

Body granulose, colour variable, (3ften pale iVi-ruginous or 
fuscous, or piile iustaceous on the dorsum. Vertex mirrowed 
forward, e(|u<il in width to one of the eyes, angulate produced, 
middle carinatr; ; frontal costa nari’owly sulcate, vbwed in profile 
strongly arcuate produced beyond the eyes ; the vertex joined with 
the frontal costa obtuse angulate, face oblicpie ; paired ocelli placed 
between the upper fourth of the eyes ; antennm inserted between 
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the lower foiirtt of tlie eyes. Pronotiuu. al)OV(‘ ,irriiiiiiluse, irniit 
obtuse angulate, posterior process leugiliily subiiL-itr- oxleiuled 
beyond tbe hind femoral knees; median ('-arinn (■<)nipiuss(Hi 
forming a low graceful arc, highest on the disc and sk)])ing baekwai-d ; 
dorsum between the shoulders tectiforin, bearing two obscure 
abbreviated hues on the disc, and just behind the humeral 
angles bicarinate ; prozonal carinas subdivergent backward; pos- 
terior angles of the lateral lobes narrowed subacute ; elytra I’uiluu’ 
large subaciiniinate and narrowly rounded toward the a])iees ; 
wings extended much beyond the p.rouotul a.j)ex. AnicuioJ' leniora 
smooth, elongate, entire; middle femora. UttU‘ cotupressed in female, 
ill the male strongly iiicrassate, the u])p(‘r tiiuj-gin arcua.i.e ; ih(‘ lirst- 
and second piilvilli of the posterior tarsi aente spinose, the third 
hardly longer or subequal with the second and Utile Ihittened 
below. 

Male and female, entire length, of body 12*5 --■14*5iTim. ; prouo- 

tum 10 — ll*5mm. ; posterior femora 5mm. 

Habitat : Bihar, Chapra ; Pusa : Bengal, Naa’aiiigimj ; Dacin. 
Pusa coll. 

Taken ‘‘ On grass,” “ At light and on ” JiiviT }>a,nk,” 

A number of examples in the Pusa coll(‘ction tai<ei:i by 
Mr. Fletcher and others. 

This species is at once distinguislied fi'om (jracilis di* 11 a an by 
the obtuse angulate profile of the head, the low arcuab* uuHliaii 
Carina of the pronotum, and the narrowly sulcalc frontal cosia. 

There is a variety from Diirbhanga that lias a slight (v smaller 
stature, but not ranking as a distinct species. 

H. dimimtus sp. nov. 

Kesembling Haan, especially in the aiviinh* median 

cariiia of the pronotum and vertex, but dilTers in t in* smaller stature, 
scarcely angulate anterior border of pronotum and mimiti'lv i’ugos(‘ 
granulate dorsum. Vertex siibeqiial in width to one of iIh* ; 
frontal costa roundly produced, viewed in front rat her widely sul 
cate. Pronotum anteriorly scarcely obtusi' angulatis bact;wajd 
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' 7 "”' ^ 

little (.'oinpreRsecl hut uot ^ ^ remora of male 

L n i r 

-al.>.ou.s-grauo«o ; the L « ;f T" 

the aecoud little longer andieute the th'^ ' ‘^T’ acute, 

xecoiid united and flat below. ’ “'^^1 

11a 1.1 au.l female, entiiv lengtli of |„„lv i,) ,■> 

S- !»nnn.: posterior f.nnora 4-8 -omm ' PWiiodnu 

llabiiat : !!„.^,n.^v, Sural.. l<„,sa, «,|leetiou. 

(TeiiiiH Tetrix, 

Hist. Nat. tVust 

lus- I'asc. 48, Orthopt,. p. 57. l!),,,-. ete ■ i r' 

1. P. 3IH), 1702. etc.; 7Vv//.r o/ autlmns. 

T. variegat'iis Jilul. 

.oo/'T"''"'''' ''"'■'■'’t/"'''" Ann. Soc. H„t Be|„ XXYI 
J 8 !>< ; /e«/,r u/.yp/w/w H,,„c., Spol ' ir’ P' * 

eari:,u,.?Hc'^’Hl'';ntL,^.^^I^^^^^^^^ 'Median 

of Ce,vlon'^ (Spolia Zevlouica U pi 4)°;^ 

TMu I ,le.s<.ri).o,l this .speci.-s uu. or tint “ ' 

uud the short-winge,l torn, as e./„WoIi! H 
liginvd. Air iiain(w.r///uR,/6vw Hanc ea,n he U 

wjJt4>cHi fo.nn of (Vylou flu. imt,,. ' • t „ H]io,i>t„ 

Mu. i. s ,i:; 2 ;:m':''7,“ * ■>: 

o ,l.t,.rmm,. l,k tUkciiptiotw. '" 

OliMius Paeai’ettix. 

Pohva.r, Ann. tSoe. Eut. Bohr YYyi 

«l,'of. %1. 11. p. .44, 1004 ; G rH«t ^ ’ 

1900. ^ ^ Oythopt^ l>. rjr,, 
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P, imlicus EoL 

Aim. Soc. Ent. Belg., p. 281, 1887. 

Habitat: Bihak, Cliapra ; Goraklipuf, Juno 20, 1010; i*u])ri, 
MiizafTarpur (T. F. R. Aiyer), Pusa collection. Oriental India. 
(Bolivar). 

This long-winged species sonunvliat resembles Tdfix suhnlufiis 
L., and it presents a variety of coloration siinilai* to tlnil speci(*s. 

Genus JIIuparatettix, 

Hancock, Spol. Zi'.yl. If, p. 145, 1004 ; Gen, Ins. Ortlin()i. East'. 
48, p. 55, 1906. 

Members of this genus an*, rejuvsimtod by a considerable 
number of species in India, and Ceylon, "riicy dilTer front lypical 
species of PamteUix Bol. in the (.‘.xsertetl ey(‘s, the jn-onotuni in front 
not touching them, and the first and third articles of the posttnior 
tarsi being about equal in length. They are all provided with full}' 
developed wings. 

Key to Sfecles of India and Ceylon. 

1 (2). Pmnotal disc bearing ubbrevitited carina* on eticli side. 

w/nabilh Eol. 

2 (1). Pronotal disc not bearing ablireviated (iirina*. 

3 (10). Frontal costa arcuate produced, in profile slmwitig 
above the paired ocelli, base entire; paired ocelli placed bt'Uvt'tat 
the middle of the eyes ; rather long species. 

4 (9). Head and eyes distinctly exserted, face oblitpic. 

5 (7). Median carina of pronotuni low, entire (»r nearly so. 

6 (8). >Hincl tibiae brownish or pale dusky not. marked v.iih 
black; pronotum long subulate, narrow betwmm the siioniders : 
head exserted ; middle femora elongate, ma,jgins (mtiriy 

tmuin sp. iiov. 

7 (5). Median carina of pronotum more, {»r h‘ss nndnlaie. 

h (6). Hind tibias margined with black ; Innul exseried, 

'personal as Ihd. 
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.) (4 . Hoarl and eyes very little oxserted, eyes nearly on 
<1 witli dorenm: pronotnm moderately oraesate, .moot], 

-r. median oarma scarcely undulate, little elevated substniylit 

it'Ts; " f” «p.‘nov. 

1-otwoen the t 7 “-cimte protruding 

i ctv^n the antenn^ but m profile obscured by the eyes not 

•■'lowing luove the paired ocelli; paired ocelli placeil distinctly 
l-olow the middle of the eyes ; shorter species. ' 

so, ,11 ' ''“7- tuborculose, bearin,.' 

; I ii'Hlules ; median carina strongly .sinuate and .subnoilulose 
laward biduiK tlH. di,s,, on hind pr„ces.s. the lateral carimo of 

icHv t i’m I -™>'lations; hinii femora di.s- 

TitK.tiy rnl)('j('iilat<‘ oji outer face / > 

lon n n.. . 1-, / ' sp. Dov. 

>- (I ). , ,„otum little rugose tuberculate ; median i-iri, . 

omiip^sed-uiKlu ite or sinuate ; hind femora bea., ng ye , ^ 

:o,,ect.,ng tubercles on external pagiim ; hind props' vi 
'..<-l.wgi...snotatallorindM^^^^^^^^^^^^ 

_ b. (14). Head and eyes little exserted, face ohlique ■ medrin 
i nna of pronotnm more or less undulate ; colouroflKi.lv ;ai. Jr 
1. I tihim pal... or with .lusky marking darker toward tlie apices’ 
...Kl;ll,.J<;mm.a of male strongly crassate ; body nearly smooth o,: 

-.-I; pronotuni almost touching the eyes: median ““na 
s.^dH multLsmuate ; l.ody mimitely rugo.se; colour brownish 
IniKl tibirn and tarsi rufescent, infuscatc towar,! tlie 

hem/ffJensis sp, uov. 

/i/'. temc’is H}'). noY. 

Colour i-ariahle, ofleu grayish, reihlisb, or dark fu.scon,s varie- 
gate. I, .l.irsum plan, rarely with I, lack spots; wings siron.dy 
-j'u.late. |..ad and ..y...« ..xserte.!, vertex nateower than on. "of 
' , v.-s, rout .■annate an.l interrupted at the middi,., t, 
htil.. roun.lly elevated an.l reflexed at the .sides; frontal c.,s|.,' 
inyond tlu, eyes, viewed in front nul:::;; 
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Silicate, extended, nbove the paired ocelli ; antenna,', very slender, 
a.rticles (dongate, inserted between the lowei* angk^s of tin* eyes ; 
paired ocelli placed between the .iniddlc of the eyes, l^ronotarin 
slender, anterjorly truncate, subteotiforni between the shoulders, 
lengthily acnininate produced beyond the hind femoral. knei'S, 
nearly as far as the apices of the hind femora, ; anterior prozonal 
Carinas very short and paralk'l ; median carina nearly straight, 
compressed percurrent, entire, often very slightly arcuate, or sub- 
straight on the disc, the.n siibstraight or concave hackwai'd : posle- 
■lioi angles of the .lateral lolies turned down, aeub' angulab' and 
apex obtuse; elytra subovate, apices roimded ; wings sfimigh' 
extended backward, reaching beyond the apices of the hind iibia'; 
first and second femora slender, in the .male little wick'.r a.ii<l e.nni- 
pressGcI, but distinctly elongate, eariiue entire ; posliuior femora 
slender ; first and second pidvilli of liind ta.rsi miiuiti', araite (k'niaic, 
the third longer than the second, the first, and third artickss of pos 
terior tarsi equal in, length. 

yfale and female, entire lengtli of laxly 0- ,l7imn. ; |.r(.i)nl iim 

II o 13 onim. , po.sterioj.' femora 5nim. : wings nassiiig iiroiinluitt 
.3— .S-6.mm. ‘ r n i 

Habitat: Bihae, Pusa. ; (Jlia|.ra ; BEra.M,, lA'lsuig; Dae,.;, ; 
UifiTED PuoviKCES, Pai+abgarli. 

Numerous examples of t.hi,s very long-winged ,s|„.,.i,..s 

Pusa collection, 

■Ibis species belongs near pcrmnaliis Bol. 







^ , I ^ 


B. persoiiatus Bob 



Bolivar, Ann. Soc. Ent. Belg. XXXI, p. 27S, bS8' 
Bpol. Zeyl. II, p. 140, 1904^ fig. IO-J.OA 

Ifabitat; Biuau. Pusa : Benoal, Dacca. Koiir 
the Pusa coll. 

These specimens from India differ slightly fr.mi s 
my collection froiu Ceylon, the median carina of lijo 
being more sinuate on the disc; the wings fuscous or o 
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E. (‘orpidenius b]). iiov. 

l) 0 (ly Biiiooth, granulate, colour grayish or r(?cldisli, variable, 
tibiie pale often cinereous, rarely obscure infuscjate. Head, very 
sliglitly or not at all exserted. Vertex narrower tiian one of tlie 
eyes, front carinate, reflexed at the sides, middle carinate ; frontal 
costa arcuate produced, barely sinuate at the base. Pronotunr 
somewhat crassate, posteriorly subulate, lengthily passing the hind 
femoral knees; dorsum smooth or very slightly rugose, lightly 
(•(mstiicted forwai'd ; median carina percurrent, entire or very 
little crassate or elevated l)etween the thoracic sulci forward, obli- 
terated. near tlu*. front border, and elevated, substraight on the 
disc ; poslinior engles of the lateral lobes turned down, acute angu- 
late, ll\o apex naiaowly rounded; wings lengthily extended l)eyond 
the pronolal apex. Anterior and middle femora elongate, carina^ 
entire; first and se<x)nd piilvilli of posterior tarsi acute spinosc, 
the third longer than the vsecond and vSiil)straight below. 

iVlale and hnnale, entire length of body 13 - 17'omni. ; pronotum 
10 - !3mm. ; post, femora 5 — 0mm. 

Habitat: Bihar, Chapra ; Pusa ; Bengal, Dacca ; Assam. 
Pusa colleotion. Vhis species also occurs in Ceylon. 

E. emssifes sp. nov. 

Cblour ferruginous, or dark, rarely with liglit longitaidinal 
fascia, above, and black spots behind the disc. Body pilose below. 
Head exserted, moderately oblicjiiely placed. Vertex narrower 
ilum one of the eyes, little narrowed forward ; frontal costa lightly 
arcuate protlucetl btdween the antennae, but not at all produced 
abov(*. tli('. paired ocelli when viewed in profile, lightly sinuate at 
ihe })a.S(‘. ; paiiN'.d o{‘elli placed between the lower tliii'd of the. eyes. 
Ih'ouoi.um [)oste.riorly subulate, extended much beyond the liiiid 
hnnoral kuetss ; dorsum plain or little rugose, conv(',x between the 
slioulders ; nuxlia,!! cairina little compressed, lightly undulat(', little 
(de.vated (.‘rassate foj'ward between the thoracic sulci ; p()st(M‘ior 
angles of lateral lobes acute angulate, apex roun(.led. or narrowly 
obtus(‘ : elytra, oblong, apices rounded ; wings extended beyond. 
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})3'o]iotnI apex, Aiiterior femora narrow, margins entire ; 
midfile femora in feimile little wider and compressed, in the mah' 
strongly crassate ; posterior femora little rugose on the outer 
paginu, with a seiies of crassate tubercles above, and bearing 
oh|i{jU(> tuf>ejvles but not distmetly projecting; all three pulvilli 
of the posterior tarsi acute spinose, the third little longer than 
th(‘ second : posterior tibiae pale, often indistinctly clouded and 
darker toward the ajiices. 

Male and female, entire length of body 11 — 12‘5mm.; pronotum 
S’5—- 9-omm. : posterior femora 4-~4’omm. 

Habitat: Bihar. Pusa: Chapra ; Piipri, Muzaffarpiir ; Bengal, 
Dacca. Pusa collection. 

ibis species is subject to great variation, some specimens being 
more brownish on the pronotum and with the hind tibiae suffused 
with hrowm. One specimen e^^en being black excepting the hind 
tibi^e. This variation applies also to the median carina of the pro- 
notnm which often presents undulations, and indistinct abbreviated 
hues between the shoulders, which arc more often absent. 



E, hengalemh sp. iiov. 


Brownish ferniginous. hind tibiae browmish or suffused with 
fuscous tlarker to^vard the apices : liody hirsute below. Head not 



t all exserted, placed slightly oblirpie, pronotum nearly tonchinc 
he eyes. Vertex little naiTower than one of the eyes“ narrowef 
>iArard : frontal costa arcuate lietweeii the antennae But not at al 
rodue.<l above, the paired ocelli, ba«e very dightly einuate. Pro- 
otiiiii bu HI ate , little crassate and convex between tile shoulders 
oi'sum nnmitely rugose, rarely with indistinct lines between the 
nuilrlers, median earina thin, pereurrent. but ninltiuiidulate ^ 

. „ of the lateral lobes acute angulatc, with the inferior margins 
toward the apex narrowly curved and truncate, barely 
od elyra elongate, wther narrowly rounded at the apices'- 
ngs extended beyond the pronotal apex. Anterior feniora^lon- 
'.to, margins entire, middle femora in the females elongate. mnrX 
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«nbiiiifliilate, but in the male strongly crassate, larger toward the 
basal half ; hind femora moderately crassate, with projecting tu- 
bercles on the outer face, and a series of lai'ge tubercles above ; all 
three pidvilli of posterior tarsi acute spinose, the tliird nearly the 
same size as the second. 

Male and female, entire length of body 9-o— I0-5mm. : pi-onotum 
8— 8-5mm. ; hind femora 3mm. 

Habitat : Bihar, Pusa ; Pupri, Muzaffarpur : Brnoal, Dacca. 
Pusa collection. 

E. nochdosus sp. nov. 

Brownish femiginoiis or gray, Iiinrl tibi® brormish darker 
toward the apices, or in variety with two bands of black. Head 
iittle exsorted, summit of eyes nearly on level with median Carina 
of pronotum. Vertex narrower than one of the eves ; frontal costa 
arcuate between the antenn* but not at all produced above the 
paired ocelli. Pronotum subulate, extended backward beyond 
the hmd femoral knees ; dorsum rugose, minutely nodulose, Midened 
between the shoulders; humeral angles carinate; prozonal carin® 
forward small and inclistinct ; pronotum decidedly constricted 
between the sulci : median carina strongly sinuate, little eompre.ssed 
elevated, and subundulate on the disc, but backward strongly 
sinuate-nodulose ; dorsum nodulose laterally above the base of the 
hind femora ; lateral margins towards the apex of process provided 
with several pairs of projecting tubercles or cvenulations. the apex 
barely crassate-truncate ; posterior angles of the lateral lobes 
having the apices rather narrowly rounded : elytra elongate apices 
rounded; wings extended beyond the pronotal apex'. Anterior 
femora .iuiitow, I'ugosc-pilose ; middle femora in the female little 
comprc>Rsed, margins distinctly undulate-lobate and pilose, iu the 
male distinctly cras.sate, suhlobate at the middle ; posterim femora 
externally strongly tubercnlate, hearing distinet jirojecting tuber- 
cles, superior carime minutely serrulate before the knees ; all thi-ee 
pulvilh of the posterior tarsi acute spiiiose, the third nem-ly equal 
to the second. 



156 


TETRiaiN-4i. 


.Male and fojiialc. eiitiue length of body 8'o — 10-5niin. ; pronotnin 
T'j—Sinin. ; posterior femora 3'5 — Mnm. 

Habitat: Bihar, Piipri, Miizaffarpur ; Pusa : Bengal, Dacca. 
Pnsa collection. 

d’his s[)(Haes insonbles pan'tia Hanc., but dilfers in the strongly 
sivuiat<‘-ntHbilose siualiau earina of the pronotmn, and tlio brownish 
hind tarsi. In ptirn/.s Hanc. the tai'si are marked wit.li white and 
bhu’k bands, and the ])ronotiini is less rugose. 

E. parvus Hanc. 

Hancock, Spol. Zeyl. 11, 145. 1004. EupcurtMtlr pilosus Hanc., 
Trans. Pint. Boc.. London, p. 410. 1909. 

Haliitat : Bihar. Chapm ; Pnsa : Assam. 

A study of the series of specimens in the Pusa collection con- 
vinces me that this species is synonymous with E. pilosus Han. 

Genus Saussurella. 

Bolivar, .Vim. Soc. Eiit. Belg. XXXl, p. 303, 18S7 ; Hancock, 
Gen. Jus. Orthopt. Base. 48, p. 72, 1906. 

Key to species iiicludirif/ those from India. 

1 (4). Wings not passing the pronotal apex. 

2 (3). Inferior margin of pronotal cornu concave ; length 

of pronotiim i4mm. (Java) cornuta, Haan. 

3 (2). Inferior margin of pronotal cornu straight, and 
shortly producf'd, median earina of pronotum nearly horizontal 
throughout ; length of pronotum. of male 11mm. (Burma), hninneri 

Hanc.* 

4 (1). Wings passing the pronotal a])ex. 

5 (10). Pronotal cornu straight. 

fi (9). Direction of cornu strongly ascendant, ohlirpie. 

7 (8). Cornu lengthily produced, in female 4mm., margin 
below straight; pronotum of female 21mm., sumatrensis Bob 

* riie ispecies called Saumi/dlft coi’uida do Haan, described and figured by Brunner as 

oeeurring in Burma, is evidently a distinct species. I have applied the name SemKurc/Ia 
hnnincri to this new species, and thus characterize it in tlie key. 
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8 (7). Cornu moderately produced, iii female 2-5-3mm 
margin below barely convex; pronotum of female 19 mm.: middle 
Obe of subgemtal plate snbangulate ; in male tran.sversolv truncate 
.ot widened apically. (Sumatra), corn//™,,; Hanc 

off. v-ery slightly oblique: pronotum 

cmale ^Omm. : middle lobe of aiibgenital plate convex. (Borneo). 

' ^ r.. -P - 

J Irojiotal cornu more or less decurved toward tlie 

apex. ■ 

11 (16). Apex of cornu very slightly decurved. 

12 (13). Body inoderately large; pronotum of male ]6-5ram • 

■ide.s of pronotum distinctly compressed behind the disc- sub’ 
SS) ^ ta-nsversely excised, widened apically 

1 (12). Body smaller, less than 16mm 
14-5ml.'' (Java).'"""’'”" fuscous-virescent ; pronotum of female 

»!■ f 1 wocmica Bol. 

Body .fawn coloured ; length 14-omm. (China), 

ir fiA \ n 1 GuculUfera Walk 

p (14). Colour above yellowish brown, cornu stronA 
ascendant ; female pronotum 15-omm.; middle lobe of subcenikl 

£ 1 )!” emargiimte. 

18(11). Apex of cornu distinctly decurved ; prmotM ^of 
male 12-5mm. (Burma). J T 

decurva .Briinu. 

S, indica sp. nov. 

Body conspersed rvith coarse rounded granulations • colour 
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])ro(hicf.‘(l in a stout, compressed, ascendant process sliglith' decurved 
which in profile forms nearly an acute angle with a line drawn 
forward from tlie dorsum, the process near the base little wider in 
diameter than one of the eyes, the superior margin between the eyes 
and the apex strongly arcuate, below oblique but towards the apical 
half slightly concave ; at the Imsal sides at'cuately excavate for the 
r(‘ceptioji of the eyes : viewed from above the process ciineate, the 
median, carina acute com])ressed towards the apex, lateral margins 
barely concave or substraight, and apex rounded; dorsum trian- 
gularly depi’essed-fossulate on each side hehimi the shoulders : 
inedian carina hettveen the shoulders concavelv depressed and 
backward convex on base of process and barely concave towards 
the apex, the median and lateral carinse obsolete towards the pro- 
notal apex : posterior jn-ocess extended beyond the hind femoral 
knees and slightly tnrncxl up at the apex ; lateral lobes deflexed 
obliquely nearly rectangulate. i^osterior inferior sinus very widely 
ol'duse : elytra small, elongate, apex rounded, outer face black, 
distinctly circiimboi-dei-ed with pale lu’ownisli-ochre ; wings ex- 
tended beyond the proiiotal apex from •oimn. — Imm. Middle femora 
armed witli apical spine ; posterioi* tibiae sinuate-ciirvate, carimn 
bearing moderately distinct spines, particularly on the outer border ; 
the three pulvilli of the posterior tarsi equal in length and obtuse. 
Biibgenital plate of male emarginate, iu the female trilobate, the 
middle lobe below the ovipositor acute ])roduced. 

i\lale and female ])ronotiini including cornu 13 — 15‘omm. ; 
hind ftmiora fi — 7mm. ; frontal cornu '2-6 — 3mm. 

Halhtat ; Bengal. Leboiig, Darjiling, 5,000ft. June 1909 
(//. J/. Lefroif). Pusa collection. 

S. viulicornu sp. iiov. 

Dolour dark brown, infiiscate forward on the pronotum, sides 
and legs, daj-k brown below. .Furcation of frontal costa widened 
above tlie antemia', median facial carina at the vertex obsolete ; 
anteniiiu pale, the six apical articles black. Proiiotinn antei'iorly 
produced in a stout compressed cornu, obliquely ascendant, very 
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ligli% clecurved, and not quite so elevated or so long nrodnoed -is 

clccumd, yie^vod from above acuminate, sides straight the apev 
^■oumled; dorsmn longitudinally canaliculate on each side of the 
Meehan enrma, median carina backward emuprossed ,d bl of 
l..-ocess and heco.niug thinner toward the apev • late ; i," 

Jhqnclj, strongly produced, acute, the apex hebetate- inferior 
sinus very wide obtuse angulate ; pronotal process backward 

knci-’ elvtra do" hind femoral 

bordereerwith 1 T black and circuiu- 

bordtred with dark brown; -wings extended beyond the prouot-xl 

Male length of pronotum 16-omm. ; frontal cornu 2-3mm. 
Habitat: Lihak, Pusa, Oct. 1906 (0. & 3lma). Pusa coll. 

S. cornifrons sp. nov. 

Colour fascous, face and lateral lobes behind, pale ochreous 
egs inaiketl with ochreous or in the male often entirely that colour 
xceptmg the wings and elytra, or infuscate on the doLim. Rami 
of facial costa subparallel, median carina above near the vertex 
barely evident. Aiiteiime pale ochreous, the apical five a - Rlet 
black ; palpi nearly white. Pi-onotum anteriorly produced in 
straight oblupie process, view-ed in profile the superior marmu 
stiaight but at the apex rounded, the margin below barely convex 
. apex not at all decurved or sinuate, apical half narrowed toward 
the ape.x; in cross section at the middle triangular; viewed from 

tinrfll"‘““f'*'' I MiTOwly rounded, sides straight, dis- 
nctly cai-mate basally over the eyes; dorsum subtriangularlv 
ossulate behind the shoulders, median carina compi-e,ssed, lai-lv 
hoi-montal backward fi-oni the fronta.! cornu, or indistinctly .tiiiuou 

posterior process lengthily extended beyond the hini femoi-ai 

knetb , kteial lobes obhquely deflexed, acute angulate produced ; 
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inferior sinus barely indicated and very widely obtuse , ehtia tiul) 
ovate, oi’ elongate, the outer face black circumbordered with fuscous, 
the apices often marked with white, distinct in females , wings ex 
tended beyond the pronotal apex from ]---l*5mm. Subgemtal plate 
of male ti'ansvm’sely truncate, but not w-idened apically , sub 
genital plate in the female trilobate, the middle lobe below the ovi- 
positor subangulate, Male and female pronotum iiieludiiig coinu 
17-0— JOmm, ; posterior femora 7 — 8‘3mm, ; pronotal eornu 
— 3mm. 

Habitat: SuMA'tRA. Soekaraada {Dohm). My collection. 

aS. hormen&k sp. iiov. 

Rather large, colour fuseous, face, and pronotal lobes behind 
pale, hind femora mottled with light ochreous, palpi pale tinged 
with fuscous. Cariine of frontal costa parallel, rather pronounced, 
median facial cariiia above distinct, as \vell as the frontal carina 
of vertex next to the eyes. Pronotal cornu straight in profile, 
its direction only slightly oblique, strongly produced beyond the 
head, margin aliove straight Imt rounded at the apex, below sub- 
straight, view'cd from above strongly narrowmd foiwvard, acute 
compressed, apex rounded, sides indistinctly concave ; prozonal 
caiinse forward on the dorsuni indistinctly indicated ; median carina 
of pronotum compressed, nearly horizontal from the thoracic sulci 
forward to the hind apex ; dorsum longitudinally fossulate behind 
the tlisc on each side ; posterior process lengthily produced beyond 
the hind femoral knees ; lateral lobes acute aiigulate, distinctly 
produced : inferior sinus very widely obtuse angulate ; elytra 
subovate, apices rounded, impressed with black, surrounded wdth, 
pale elevated line below becoming crassate apically and lighter ; 
wings extended beyond the pronotal apex nearly one millimetre. 
Siibgenital plate below the female ovipositor trilobate, the middle 
lobe convex. 

Female, length of pronotum 20nini, ; posterior femora 7*5mrn. : 
cornu 3mni. 

Habitat : Bubneo, Lawas, Sept. 1909, Sarawak Museum. 
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EXPLANATION OF PLATB: X. 

The Big Pjrown Cricket. 

(Brachytryi^ei^ achat, inns, Stoll.) 

Fig. 1. Egg when laid. 

„ 2, Egg before hatching. 

„ 3 Young nymph, dorsal view. 

„ 4. Nymph in the third stage, side view. 

,, 5. ,, „ „ fourth „ „ 

„ 6. ,, ,) ,, fifth ,, ,, 

„ 7. The adult cricket, side view. 

(The liMirliiies indicate the actual sizes of the stage 



THE BIG BROWN CRICKET. 


BY 

a C. GHOSH, B,A., 

Assi^ianf to tlip. Imperial Entomologiest. 

The large brown ericbet (Plate X) {Ihrichyfryiwt^ achat invH, 
Stoll.) belongs to the family Grylliclai of the saltatorial 
(jumping) group of the Order Orthoptera. It is a large 
insect measuring about If inches from head to tail and is about 
J inch thick across the thorax and the abdominal region. The 
antenna^ are thread-like and about as long as the body. The 
colour is brown. The inner parts of the forewings, or tegmina, 
lie flat on tlie back, their outer parts being bent at right 
angles down the sides. The hind wings are like thick mem- 
branes and remain folded longitudinally and hidden under the 
lorewings, which overlap each other on the back. In the 
majority of cases the left tegmen is above the right one, but the 
reverse arrangement is also found in both the sexes. The hind 
legs are much bigger than the first two pairs and are suited for 
jumping, their femora being very thick and broad and the tibifo 
spin}?^ on the posterior side. On the hind end of the body there 
is a pair of cerci more than inch long. The head is deflexed 
so that the mouthparts are turned downwards. The mouthparts 
are conspicuously developed, the mandibles being very large and 
powerful. The eyes are black and prominent. The females 
possess a long ovipositor pointing posteriorly and upwards. 
There is a pair of tympana on each fore-tibia near its junction 
with the femur. 

OCCURRENCE AND DAMAGE. 

These crickets are probably widely distributed throughout 
India. They work at night; therefore their presence is not 
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fllwavs detected, mid the .lamage they cause is iii cases 

attriiuited to wrong sources. They have been noted ni Conid a 
{.rate mid Rice) ; Sikhim ; Assam (Tea); Sihsagar ; .Torhat . 
Khasi Hills : Murshidabad ; Calcutta; Sadeya ; Tsiihii ; Mongo- 
nialobah; Sol an ah ; Pusa • Bankura ; Patna; Chainparan 
(Indigo); Bogra; Dacca and Ruiigpur. In June lh93 they 
were "reported as damaging jute and rice in Conidla. In July 
of the same year much damage caused by them to teaplants 
in nurseries was reported from Jorhat, They cut the young 
plants off level witli the ground at night. They were reported 
making burrows from 9 to 18 inches deep in the ground 
specially in sandy soils and concealing themselves during the 
daytime ; they sat at the mouth of tlie hole in the evening 
and could be recognised by their shrill piping. (Indian Museum 
Notes, Yol. Ill, No. .5, pp. 77-78). In 1903, the Deputy Director 
of Forests, Myitkyina, Burma, reported damage caused by these 
crickets in gardens and nurseries. In April 1906 the Collector 
of Bogra reported damage to jute which he said had commenced 
from about the 3rd week of March ; the insects appeared there 
every year, but usually disappeared as soon as the rains set in. 
In April 1907, the Collector of Dacca reported similar damage 
to jute and rice which had commenced early in March. In 
April 1910, Babu Baidya Nath Tarafdar’ of Pubna in reporting 
the occurrence of these crickets said : “ These insects are 
causing serious damage to young jute plants ; whole fields have 
been destroyed and seeds have been resown two or three times 
in some cases, but still without success. When the plants 
grow to a height of about 9 inches they are more or less immune. 
The insects are numerous and live underground in burrows which 
they dig in the fields. They come out at night and cut down 
the plants, eating some and dragging some into their under- 
ground nests They are not so common in lands having 

enough moisture in the subsoil and are found in large numbers in 
those having hardly any moisture to the depth of about 9 inches 
below the surface. They also occur in loamy soils. All these 
lands are usually flooded in the rains.” 


In April 1911, it was reported from Jelhara Indigo Concern 
in Cliarnparan that the cultivation of indigo was being ravaged 
by an army of hlurnm.^. The destruction they caused was 
fi escribed as appalling. Thejy totally destroyed plants 6 inches 
to 9 inches high. At this time indigo was the onij" green food 
available to them and therefore the damage was very great. In 
one village out of 45 acres of indigo worth about Rs, 40 to 
Rs. 50 per acre, 25 acres was utterly destroyed. The same habit 
of nocturnal feeding was reported here as well. On later enquiry 



B H KllW A .--^SoHIZOOACTYLUSj MONSTRUOSATS). 

(From Indian Insect Life). 

it was ascertained that the damage was caused by the large 
brown crickets and not by bherivas. What are known as 
hlierwas in Behar are quite different insects as will appear from 
the figure. They are greyish yellow and not red brown. The 
wings of hherwafi are peculiarly coiled at the end and the tarsi 
of their legs are peculiar. They are bigger and more weird 
looking insects than the large brown crickets. They also live 
ill underground burrows like these crickets, but they are found 
principally in sandy beds of rivers and are not so common, though 
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not altogether rare, in cultivated fields or high lands. 1. hey 
have not been observed to feed on a vegetable diet an<l therefoi-e 
to dannage any plants in the way the largo lirown crickets do. 
In confinement also they have not fed on leaves, etc., but have 
greedily fed on caterpillars and frog.'?. Mo.st probably they are 
predaceoiLs on other insects, etc. Tlierefore it appears that the 
reports in Indian Museum Notes, Yol. II, No. 6, p. 172, and Yol. 
Ill, No. 4, p. 4G, about bharivas cutting tobacco, indigo and 
other crop ])Iant.Sj are based on mistaken observations. The 
damage is attributable to the large brown crickets. It is however 
possible that the hherirm may damage plants by tunnelling 
through, the soil and cutting through roots which obstruct their 
passage ; but any such damage seems to be accidental rather 
than normal. 

LIFE HISTORY. 

The big brown cricket {Brach^ytnjpes achativhvs, Stoll.) 
passes through only one cycle in the course of the year. Eggs 
are laid in burrows under the ground about the month of 
September just after the rains have ceased. They hatch in 
about a month. The habits of the crickets are well des- 
cribed in the reports of occurrence noted above. Through- 
out their life they live in burrows vhich they dig in the 
ground. They are nocturnal in habit and come out of their 
underground burrows only at night when they feed or collect 
food which the}^ carry into the burrows. They possess very 
powerful cutting ja\vs with which they shear through the stems 
of almost all kinds of young plants which are then carried off. 
In this way they sometimes cause incalculable damage to 
young crops. The young crickets are similar to the adults in 
appearance ; only they are small and possess no wings. They 
gTO\v, moulting at intervals and developing small wings in 
the later stages as will be evident from the figures of different 
stages in the plate. They become adult when the wings are 
fully developed. Some grow more quickly than others and 
attain the fully winged adult stage about April. The majority 
become adult by June; while yet a few may be found in the 
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iiymplial stage as late as August. In spite of the early 
development mating and egg-laying do not take place until the 
proper season in September — October. The adult crickets die 
after laying eggs ; occasionally one may survive till late in winter ; 
thus, for example, one adult female was found on 4th December 
at Rungpur among myriads of young nymphs. In winter the 
crickets are young, but by March they are sufficiently large to 
cause serious damage to newly started crops. Hence almost all 
the reports noticed above are found to have been made about 
the month of April. Then, as will be seen later on, the first heavy 
shower of rain brings about, directly or indirectly,^ the death of 
many, while the surviving ones have to leave the Hooded or sub- 
merged places and therefore also the crops standing in those places. 

Egg . — Each egg is about 4-G^ m.m. in length, the eggs 
laid in the same cluster 
being variable as to length 
and about 1|- m.m. in 
diameter. The egg is 
cylindrical in shape with 
rounded ends. It is a 
little curved on one side, 
the back of the enclosed 
embryo lying against the concave side. The surface is smooth 
and without ornamentation ; the colour is yellow, turning 
creamy white later on (Figs. 1 and 2, PI. X), the two 
e^ms of the embryo being clearly seen as dark spots in the 
advanced state. Eggs removed from the soil and kept exposed 
to the atmosphere turned greyish in colour ; before hatch- 
ing also they turn greyish ; (Fig. 2, PI. X). At this time if 
looked at carefully the segments of the body of the embryo are 
discernible. The eggshells are thin, membranous and soft. The 



A diagratuuiatic illustration to show how the eggs 
are laid at the end of the burrow. 


* Rain is destructive to the crickets by Hooding tlieir tunnels and driving them out; into 
tiic open where they !rre eagerly preyed on by almost every one of the larger birds which is 
normally or occasionally insectivorous. Grows, Shrikes, the Blue Jay, the Hoopoe, the King 
Crow, Cuckoos, Owls, Hawks and Kingfishers may be mentioned in particular, and the irriga- 
tion ol a field about April usually attracts enormous numbers of these birds to devour the 
crickets which are then perforce eoinpelled to desert the security of their subterranean bur- 
rowK.— T, B. F. 
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eggs are laid in a cluster at the end of the burrow underground. 
B^or the purpose of depositing eggs the hole is always made 
to end ill hard soil. Bach egg is thrust separately into the 
soil, so that the eggs do not touch one another. In the Insect- 
ary two clusters were found at a depth of about 2 feet and one 
at a depth of about 1 foot. In a single hole only one cluster of 
eg’gs was found. Of the three clusters found in the cage in the 
Insectary : — 

(1) One contained 3S eggs. 

(2) The second one contained 37 just hatched young ones 
and one unhatched egg. 

(3) The third one contained 34 eggs, but there were probably 
more as a few eggs of this cluster were destroyed while being 
dug out. 

Several adult females were kept confined separately in glass 
troughs filled with earth ; the troughs were emptied at intervals 
and the earth examined for eggs. One female laid 47 eggs 
between 1 0th and i.5th September. Probably on account of 
frequent disturbance these eggs were not deposited all in the 
same fashion as shown in the diagrammatic illustration. Some 
were found thrust into the earth, while others were lying loose in 
the burrow among loose earth. 

It seems that the small number of eggs found in the 
burrows in the lusectary does not represent the possible 
number which may be laid by a female. In the second week of 
Augu.st several females captured at random were dissected and 
each (jf the two egg masses, one ou each side of the abdo- 
men, seemed to contain about 40 to 45 eggs. At this time the 
tiggs were small, the biggest measuring about 3;5 m.m. ; all were 
cylindrical and elongate oval in shape and provided with a 
cylindrical tapering tail. The colour was whitish. In the 
second week of September several females similarly captured at 
random were again dissected. The egg masses were now much 
bigger, on account of the development of the eggs, many of 
which were of the same shape, size and colour as those aotually 
deposited in the soil. These developed eggs were seen L(j have 
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lost the tail In the same cluster there were many other eggs 
which were not yet completely developed and had the tail ; they 
were in different stages of growth and were, therefore, of 
different sizes. It thus seems that the female does not deposit 
all the eggs in the same cluster and at the same time ; if after 
the first oviposition she lives and the immature eggs have 
time to develop, she can depo.sit eggs again. The egg masses 
at this time were found to contain many more eggs than in 
August. The following are the numbers found in 4 females : — 

(l) Right elu.ster 103 of which 54 seemed mature. 


Left j, 

97 

„ 

49 

(2) Right 

89 

„ 

41 

Left „ 

95 

„ 

to 

(3) Right „ 

110 

„ 

63 

Left . „ 

102 

„ 

52 

("4) Right 

, 106 

„ 

76 

Left ,, 

102 

„ 

81 


Further observations about oviposition and other facts con- 
nected with the hatching of eggs in the natural condition could 
not be made. In the case of the eggs removed from the burrow 
the young ones hatched by bursting the shell at the head end ; 
either the end was opened like a cap on the head and the shell 
burst longitudinally to some extent on one side from the opening 
thus made, or there was only one fissure longitudinally which 
extended for some distance down the side. In most cases the 
delicate inner skin (oolemma) stuck to the empty shell as a 
small crumpled mass by means of a thin thread ; in a few cases 
it stuck to the emerging young nymph and was thrown off* separ- 
ately. The eggs laid between 10th and loth September began 
to hatch on the 16th of the following October and continued to 
hatch till the 25th October. 


Stages. —Ill all the stages of growth the crickets retain a 
remarkable similarity of appearance, general shape and also of 
colour. Males and females are distinguishable &e^““The eRT-l^^ 
stages, as m the lemaies the ovipositor is presom 
and grows with the growth of the insect. 
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A.-< the iiyiuphs live in burrows underground it has not lieeii 
purisiblu to observe their moults accurately. Several were ke[)t 
ill glass dishes filled with earth and a watch kept on them, they, 
however, did not get on so well and only one survived to attain 
tlie adult stage. It cast five skins in all, as was evident from the 
changes of appearance. The approximate dates are given 
below. The habit of eating the cast skins rendered the 
sibservation of moults still more difficult. 

The 3 ’oung one hatched out in the cage — 10th (October. 


Fir.'t moult 
Second ,, 
Thifd 
Fourth „ 
Fifth 


19th Novelnher. 
27th Jamuu'v. 
21.st Marcli. 

7th May. 

15bh June. 


At the lifth moult it attained the adult stage. It was a 
male. 

btf/f Sla(/e. — Young nymph— (Fig. 3, PI. X). 

Young nymphs vary in size in the same manner as tlie eggs 
do. A newly hatched young nymph measured about 4|- m.m. 
from head to hind end and about 1|- m.m. acro.ss head and 
abdomen. The antenna was about as long as the bodjc 

A young nymph about four days old measured as follow.s : 

Ijength from head to hind end— 8 m.m. 

Bretidth across head, prothorax and middle of abdomen — 
about ‘JJ- m.m. 

The anterior part of abdomen is narrower. 

Antenme, about 8 in.m. long, thread-like and thick at the 
base and gradually tapering towards the end, made U[) of' 
numerous small joints and covered with very minute hairs. 

There is a pair of cerci— about 3 m.m, long — at the liind 
end <.>f the abdomen pointing posteriorl 3 ^ 

The general colour is light brown, the abdomen being 
paler and showing a dark tinge in the middle. In general 
a[)pearauce and shape the young nymph resembles the adults 
Old}' it is .small and po.ssesses no wings. 
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The pfonotuni is big*. The segments of the body are 
clearly distinguishable. 

"Ind SfMfp . — 

Length from head to hind end ... ... ... J4 in.ni. 

Breadth across head and anterior }iart of prothorax ... 5 in.m. 

Breadth across abdomen ... ... ... ... 4 5 m.ni. 

.An ten me about ... ••• ... 15 in. in. 

Cerci about ... ... ... ... ... 4‘5 ni.m. 

There is hardly any change in appearance and colour except 
that the abdomen is slightly darker. 

3rc^ Staga, — (Fig. 4, PI. X). 

Length from head to hind end ... ... ... 24 m,ni. 

Breadth across head and anterior part of prothorax ... 8 in.m. 

Breadth across abdomen ... ... . . ... 7‘5 ni.m. 

Antenna- ... ... ... •• ... 25 in m 

Cerci ... ... ... ... ... 8 m ni. 

In general appearance and colour the nymph has hardly 
undergone any change. 

Laterally the mesoiiotuni and metanotiim show a small 
elongation which is really the beginning of the formation of the 


wing pads. 

ith Stage, — (Fig. 5, PL X). 

Length from head to hind end ... ... 20 m m. 

Breadth acros.s head and anterior part of jirotliorax ... 0 man. 

„ „ abdomen ... ... ... 80 m.ni. 

Antennie ... ... ... ... ... ;3U m.m. 

Cerci ... ... ... ... 0 man. 

Mesothoraeic winglobes ... ... ... 3 m.m, 

Metathoraeic „ ... ... ... ... 4 5 man. 


The winglobes lie lengthwise and Hat on tin 
is hardly any other change. 

oth Stage. — (Fig. 6, PI. X). 

Length from liead to hind end 

Breadth across head and anterior part of i»rol borax j 
„ „ abdomen ... ... . 

Antenna' 

Cerci 

Lobe of teguiina 
Lobe of hind wings 
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The tegiiiina only touch each other over the back. All the 
lobe.s lie Hat and lengthwise along the body. 
mh Stage. — (Fig. 7, PI. X). 

When reared in confinement the size of insects varies a great 
deal and is ii.sually smaller than is the case when they live and feed 
freely. But the size oF the brown crickets is seen to vary a great 
deal even when they live in the open free condition. The following 

in the 


are the measurements in m.in. of 

a few adults reared 

In sectary : — 

From head to 


Across tilt: 

hinil eml. 


(irothor.'ix. 

? - BO 


11 

-31 


11 

d —36 


12 

$ —30 

... 

13 

The following are the measurements in 

m.m. of 

adults captured in the fields : — 



$ —26 


9 

? -27 


9 

cf —32 


11 

d -37 


12 

d —37 a 


12'a 

c?— 38 


13 

$ -38 .. ... 


12 

d -39 


1-25 

d —31) 


13 

d —40 


13 

S —42 


13 

d -42 


13 

$ — 46 


13 

In the same way the nymjhs in 

all the sta 

ges vaiy a 

deal in size. 

The measurements cd' other 

parts of 

the last 

captured in the field are the following : — 


Aiiteiinm 

... 

44 111.111, 

Across mkkllo of abdomen 


14 til. in. 

i’erci ... 


14 '5 111 111. 

Uvipo.sitor 


9'5 111. 111. 


of some 


j^reat 


feinalo 
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The measurements of the parts vary accorcUiig to the size. 
A general description of the adult insect has been given in the 
beginning. The modification of the teginina of the males for 
the production of sound has been noticed under the heading 
“ song.” The adult crickets have never been observed on tbe 
wing and their wings are very small for their bulk. They take 
long jumps, their hind legs being very well developed. 

FOOD. 

The big brown crickets seem to be omnivorous. They can 
feed and live on the leaves and sometimes the fruit of almost 
any kind of plant. They have been fed in the Insectary with 
the shoots and leaves of the following, vA., ground-nut, mangold 
wurzel, tobacco, lucerne, sannhemp, castor, sunflower, brinja], 
arum, bottlegourd and cucumber. They were given and ate 
pieces of bread and a bait prepared with fine wheat chaff, 
molasses and water. They have been reported to damage rice, 
indigo, tea and jute and various garden plants. What they eat 
can be very easily found out by digging open their burrows into 
which they are in the habit of carrying their food. The follow- 
ing were found in some burrows dug out in the Insec tarv 
compound (leaves, etc., found in the same burrow are noted 
separately; the plants were available in the compound and the 
leaves, etc., were more or less eaten) : — 

(1) Dry .vmoo leaves partly eaten, green duhh grass 
( Paniciim dacfyylou ). 

(^Z) Mutha grass (Cypcrat^ rotimdut> Limt,). Loraiithuis 
leaves, about half eaten. Mango leaf, dry and partly 
eaten. Raw glmrmi fruit (cucurbitaceous) more than half 
eaten. 

(o) Castor leaf. 

Mango leaf, dry. 

Shoot of Dodonea viscom. 

(4) Cotton leaf, dry. 

Sissoo leaf, dry. 

(5) Bottlegourd leaf, dry. 


(?) Guh.ir leaf, dry. 

(Jueuiikber .slioot. 

(S) Young sunflower shoot 

(9) Young marigold shoot 

(10) Young shoot of Celoski crktata. 

(11) Miilberiyjeaf. 

Nfjte :-l havu also found stones of litclii fruit in their burrows. — T. B. F. 

Feednuj. — The crickets do not seem to climb upon any 
[>iants but cut and carry away what they can get at on the 
ground. Among the things found in their burrows were fallen 
and also dry leaves which they found lying on the ground. 
Young plants they cut just above the ground and either eat 
them on the spot or carry them into their burrows. When the 
plants grow tall they become safe. Thus it will be seen from the 
reports cpioted above that when jute and indigo plants grow 
more than 9 inches high they are practically immune from attack. 
In the Insectary compound, brinjal, sunflower and cabbao-e 
seedlings wiiich had been transplanted were found to have 
disappeared the next morning. 

The following are some of the records of the feeding habits 
of these crickets as observed in the Inseetary : 

loth Mr/-r/b -—Nymphs collected and put in the cage. Every 
afternoon shoots of lucerne were placed on the surface of the 
earth. The crickets eame up at night and ate them and also 
dragged some shoots into their burrows. Small frarnuents 

bitten leaves were found lying on the surface, so that 
evidently they had fed at night above the soil. Shoots almost 
entirely or ^ partly eaten were found in the burrows on opeuino- 
them up. I he crickets probably feed at leisure in the burj-ows 
during the daytime. 

Mangold wui-zel, ground-nut, sa.udienip a, id castor l«ave.s 
were also eaten. Castor leaves appeared to be greatly appreciat- 
ed. Sun«o«'er leaves were also eaten, but castor leaN'es seemed 
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to be preferred to simtiower and were sometimes liked nioi n 
than lucerne. 

.h'd June. — Sannhemp preferred to lucerne. 

/7A June . — Castor preferred to lucerne. 

loth June. — Lucerne preferred to castor. 

All the crickets were fulh" winged and adult. 
The whole cage was dug out, but no egg.s or young ones I'ound. 

On 17th — Eight shoots of lucerne and four pieces ol' 

bread were supplied to the crickets. On the next morning two 
shoots of lucerne and five pieces of bread were found mis, sing, 
either eaten or taken under the earth. 

dutJh A iff/u.'<t. —Cfige searched ; no eggs found. 

//l.<tt 0?e/?i.s7.— The crickets were supplied with ten shoots 
of lucerne and four balls of bait (each about 1 inch in diameter). 
The bait was prepared by mixing mola.sses, a little \vater, and 
the fine chaff obtained by passing coarse ata (wheat flour) 
through a fine .sieve. No poison was added. 

On the next morning two shoots of lucerne and one ball of 
bait had completely disappeared ; two other balls were found 
half-eaten. 

On 2nd Se^ytemher. — Eight shoots of lucerne and two balls of 
bait were supplied. On the next morning none of the shoots 
had been touched, but a little of one ball of bait had been eaten. 

The same food was left in the cage, and on the following 
morning four out of the eight shoots had disappeared wliilst the 
bait had not been touched any more. 

On 5th September . — 8 shoots of lucerne, 

2 castor leaves, 

2 balls of bait wmre supplied. On the 
next morning it was found that nothing except portions of the 
bait had been touched. The same food was left in the cage, and 
on the following morning the bait and one shoot of lucerne 
had disappeared. 

On S‘th September. — The crickets were given eight shoots of 
lucerne and two balls of bait, but on the next morning only a 
portion of one ball of bait had been eaten. 
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TliP srniio food wn.s left in tlie cage, jiiid on tlie following 
nioining two shoots of Inoei'iio and jxn'tions of both tho !,»alls of 
bait had beon devonrod. 

^dth S(‘pteinb(‘r. — No oggs wore found. 

:fnd October. — Young ones found in the field, 
lofh October. — Young one.s luitched out in tlie cage. They 
were fed prineipally witli .shoots of lucerne. Other leaves, e.f/., 
brinjal, aiaiin, and cucurbitaeeou.s leaves were also supplied 
and the}’’ use<l to feed on them. Tlie first one been me adult on 
l.“)th.Tune. 

BURROWINtl 

Aftei' hatching from the eggs the young crickets live for 
smne time in the burrow of the parent. It is not known how 
long they live thus, but apparently it is not more than two oi- 
three days. After this they di.sperse and each makes a separate 
burrow for itself. These burrows can easily be located and the 
young cricket dug out as it lives within a distance of about 
d to G inches from the surface. Small particles of earth .are 
tlirown out in a heap over and round the mouth of the burrow, 
who.se entrance is indicated by a slight depression about the 
middle of the heap. These small heaps of earth are (juite 
characteristic and are extremely common about the latter half 
of October by which time the eggs hatch. The young crickets, 
like the grown up ones, come out at night in search of food, and 
it seems most of them do not find their way back to the old nest 
and have to hide themselves by making fresh burrows ; in fact, 
all the small heaps of earth seem to be freshly thrown out when’ 
one sees them in the morning. Usually only a single young one 
IS found in the .same pit, which goes down at an angle and show.s 
no ramifications. Gradually these heaps of earth 'are observed 
to dimmish m number, evidently indicating a diminution in the 
number of the crickets themselves. As the crickets grow, the 
burrows have to be bigger and therefore more earth is thrown 
out ; and they go down deeper and tend to be tortuous and may 
have ramifications ; they never go down straight. Big burrows 
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also are easil}^ located by the earth thrown op. Tlie adult 
crickets do not seem to dig a fresh nest every night ; in a court- 
yard a male was noticed in August — September to sing sitting at 
tlie mouth of the same burrow, consecutively for 2S days, after 
wliich it was captured. Either they are capable of returning 
to their nests or take shelter in any burrow which they find 
ready at hand. Probably it is for this reason that sometimes 
two, three or four crickets, not necessarily of difierent sexes, 
are found in the same burrow ; but as a rule only a single 
cricket is found in one burrow. The first heavy shower of rain 
in April, May or June floods the burrows and drives out the 
crickets ; many are killed by crows and other enemies. They 
take shelter and hide in odd places, many coming into the 
houses ; this however is onl}^ a temporary habit ; they soon 
resume their subterranean existence and after this generally 
choose places wliich have not been flooded, places which have 
already been submerged being apparently considered to be 
ineligible sites. In the rainy season the crickets are mainly 
found in places which are directly under the shade of trees, but 
it cannot be determined what leads them to select such situa- 
tions. At this time they rarely make fresh burrows but live 
in old ones, so that no earth is found heaped near the mouth, 
which is quite open and goes down obliquely. Almost all the 
burrows are tortuous and may possess several ramifications and 
occasionally more than one opening. One, two or three crickets 
may be found in the same burrow at this time of the year ; fresh 
burrows with earth thrown out are not however altogether rare 
on comparatively high lands. 

The process of digging the burrow is actually carried out 
by the jaws, with which the earth is bitten and loosened and cut 
into small pellets. The loosened earth is then drawn under the 
breast and thrown out by the legs. This process is followed 
until when the earth can no longer be thrown out by the legs 
as the burrow gets deeper. The loosened earth is then pushed 
all the length of the burrow and out by means of the front part 
of the head. 
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Tliej^e eriekehs excMvate tlieir tunnel in the ground in onler 
to |)re|);ire a nest for themselves. The}" do not burrow on like 
the mole crickets; imlike the mole crickets also, the\" burrow 
deepoi- and tlie greatest depth noticed was about 3 tt., but it is 
frerpiently less. When the burrow is tortuous and has man}" 
ramihcations, it may come up to quite near the .surface in any 
part of its length. 

Tlie cricket can be dug out, as its hole is very easily traced : 
as the liole is dug it retreats and can be caught at the extreme 
end of its tunnel. Pouring water into the hole brings it out 
quickly. II' a small pit is formed at the mouth of the hole and 
water remains collected there after the entire pit has been filled, 
tlie cricket cannot escape ; it comes up and floats on the water 
as if dead. Evidently water afteets it very quickly. When there 
is a heavy shower and burrows get submerged probably many are 

drowned and die in this way. 

From the mode of their life it is evident that the crickets 
cannot live in mud or muddy soils. They require a soil in which 
they can make a clear hole which they can enter or leave witli 
ease. 

SONG. 

Ill loudness, shrillness and intensity of songf the big brown 
crickets excel all other insects, including the cicadas of the 
plains. Like that of the cicadas the song is continuous but 
more powerful and shrill. It is a long continued, high-pitched 
and uniform of which the r is more distinct than 

the ii.. Very rarely there may be a slight variation in the pitch 
or the song may be stopped abruptly in the middle and begun 
again at the same pitch. Occasionally only somewhat prolonged 
chirpings are heard, but that only from individual crickets and 
at other times than that of general singing, e.g., late hours 

/ Hooded out and fall a prey to bird-s and other enemies. — T. P. F.). 

TheWm .song, is rather a misnomer. The noi.se produced Is a continuous high-pitched 
shrili vibrant whistle which at close quarters positively makes one’.s ears ring for a considcraVile 
tiiiiy afterwards. I can only likcythe noise to that of a “devilene ” whistle.— T. B. F, 
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ol the night or early hours of tlie inoriiiug. The cicadas in the 
plains delight in singing when the midday sun shines hot in 
Slimmer. The crickets rarely sing at this time of the day. They 
u.'^ually begin when the day draws to a close and continue till a 
late lioiir in tlie night. Some may not sing' early in the evening, 
being noticed to begin a.s late as 17 p.m. Tlie season of their song 
eominences witli the close of the rains : when the song of the big 
brown crickets becomes general it is an unfailing indication of 
the rains being at an end ; this fact has been observed consecutivel^y 
for four years at Push. A.t this time the song is heard in all 
kinds of places, not even the courtyards of houses being excepted. 
xAll sing during the evening, but individual ones may be found 
singing in the morning or any time of the day and night. 
Before the proper season commences an occasional song may be 
heard from about the month of jApril, but it is by no means 
common. 

It is the male crickets which sing ; the females are not 
capable of producing an 3 ^ sound and are “voiceless” like 
“ Cicadas’ wives. The wing covers or the tegmina of the 
males are modified for this purpose. On the under surface of 
each wing cover, on the portion of it lying on the back, a vein 
towards the base is raised and provided with a number of small 
ridges, thus becoming a sort of a file. On the upper surface 
the position of this vein is marked a depression across 
the wing covers. Also a small part of the outer margin of 
each wing cover is so modified as to present a stiff raised edge, 
by the margin being bent down at an angle. The sound is 
produced by the rubbing of the file of one wing cover over 
the raised edge in the margin of the other; the length of 
the file is at right angles to the length of the rubbing edge. 
The sound is capable of being produced by both the tegmina 
and the provision of the sounding organ in both seems to be 
due to the irregularity noticeable 
the back ; usually the left tegmen 

It was ;i, Greek philosopher who said “Happy 

T.B.F. 


in their arrangement on 
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r.iie i-evense aiTunjxenieiit is not uncommon. The outer half of 
eacli teamen is bent down the side and the rest lies along the 
back : therefore each tegmen is comparable to a thin concave 
metallic pot. When the sound is produced the tegmiua are 
raised from the body and vibrated laterally at an extremely 
rapid rate, and the wings lie on the back as in the natural 
condition . As the tegmina are raised the sound is not dulled 
as it would be if they remained in contact with the solid body. 




The under surface of the tegmen of a male showing 
(ff) the tile, and (h) the modifieil portion of the edge 
which rubs the tile of the other tegmen. 


The cricket comes up from its underground burrow, sits just 
at the opening with the head turned towards the hole and the 
body away from it, and then pours forth its song. In the begin- 
ning there are usually one or two chirps a.nd then it is one continu- 
ous song. The chirpings are produced by convulsive lateral 
movements of the tegmina in the same way as the song, in which 
the movements are very rapid and ^continuous. The song is 
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stopped at the sound of footsteps or the dropping of a stone and 
the insect quickly disappears into the burrow. It can, however, 
be stalked while singing if approached noiselessly. One was 
thus approached on tiptoe with a lantern in hand at 9 p.m. It 
was singing loudly and \vas so much absorbed in the song that it 
paid no heed to the approaching light which was placed at a dis- 
tance of about one inch only. The light was carried steadily 
in. sLicli a way that it did not east shifting shadows of the sur- 
rounding balsam and rose plants. The cricket went on singing. 

The tegrnina were raised up from the body, forming an angle 
of about 60° and the wings were lying on the back. In the 
middle, the song was stopped for about a quarter of a minute and 
then commenced again. When the song was stopped the teg- 
mina were still held raised in the same position as when singing. I 

After about five minutes more the song w'as stopped again when i 

the cricket discovered that there was a light <|uite near and it at | 

once slipped into the hole, the tegmina being brought down at 
the same time. The light attracted twm large toads, and although 
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they carae quite near the cricket, they showed no hostile attitude 
towards it. Many were similarly approached afterwards, and 
it was found that the tegmina 'were held raised up to form an 
angle of 45® to 60° with the body while singing. 

It is said that the males sing in this manner in order to charm 
and attract the females, and it is significant that the season of 
their song is the season for mating and egg laying. Soon after 
this merry nuptial period they die. 

The tegmina of the females are smooth compared with those 
of the males. Leaving aside the long ovipositor which marks 
the females, the sexes in the adults can be distingui.slied by 1 nois- 
ing at the tegmina alone, 

ENEMIES. 

A small mite is found on the body under and near the base 
of the \ving.s of the adult crickets which, however, do not seem 
to be inconveiueiiced appreciably on this account. 

On 5 til May a species of Mabuia (a Sciiicid lizard) was seen 
attacking a nympli of the 5th or penultimate stage at al./ont 
3 P.M. ; the cricket was tidying to jump awai’ but it was too 
much maimed and could clear only short distances ; the Mabuia 
was running after it and iutlicting bites on the legs and body. 
It was an unusual hour for the cricket to be out. Most probably 
it was chased out ol' its burrow. Ultimately the cricket was 
dragged into a bamboo bush, and it as well as its assailant could 
not be traced any longer. It is quite probable that a certain 
number of the crickets are disposed of in this mannei’. 

The metallic green Jdigger Wasp, Sphex lohalus, is frequently 
seen to prey upon this cricket. It enters the bole of the cricket 
and drags it out. The prey is made insensilile by a sting aiid 
buried in some conveniently near hole or crack in the soil, after 
which the wasp lays an egg on its body. The phenomenon of a 
cricket being dragged by the Digger Wasp is common, especially 
in the dry, hot months before the break of the monsoon. It 
could not be determined how far the was]i is a check on the 
increase of the crickets. 
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When the crickets are driven out of their burrows by the 
first heavy rain during the day-time, a large number of them are 
disposed of by crows and numerous other birds. During the 
night also, owls and other predaceous nocturnal birds and 
animals, prey on them when the}" come out of their burrows and 
roam about in search of food. 

But with all these checks the Large Brown Cricket is a 
field and garden pest of the first magnitude. 

3;^RE?ENTIVE AND REMEDIAL MEASURES. 

Tlie most vulnerable point in the life of the large brown 
crickets is when the first heavy shower of rain in April, May 
or tTune drives them out of their burrows. One year the 
first heav}’’ shower fell about 10 o’clock in the morning and the 
Insecfcary compound became strewn, as it were, with the brown 
crickets. Two kerosene tins full were collected in the course of 
about half an hour by four men. A dip in the water made them 
sluggish and they were not jumping, but were either walking or 
running. A better method is to beat them with a broom, one 
effective stroke of which is sufficient to kill them. More can be 
killed in this way than can be collected in the same space of time. 
Besides some skill is required to catch them or they bite when 
caught and may cut through the skin ; even when caught with 
skill by the neck they kick with their hind legs whose spines 
prick and scratch the skin. They should be attacked as soon 
a,s they are driven out because they run about in search of 
hiding places and soon disappear from view. Crows pick out 
many, but the majority escape ; if it rains heavily, as happened 
on the occasion referred to above, they are hardly attacked by 
crows, which are deterred by the reiin. The same effect is 
produced if their nesting place can be artificially flooded. They 
quickly come out of their burrows and should be beaten 
to death with brooms ; but flooding is not always practic- 
able. 

Digging out, or pouring water in every hole is a very 
tedious and expensive process although the insect can be 
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destroyed in every case; treatment of the holes individually in 
any way is impractieabie. 

From the records of their feeding in the Insectary it seems 
probable that they can be killed by poisoned baits, which may 
either be green shoots or leaves dipped in a strong poison, or 
hhnm prepared in the following manner. The baits should be 
|.)]aeed liere and there near and among the holes. 


Bkvsa 

Santhvf (wiiite arstiiiii.') 
Gyr/ 

Wivtei 


... 1 md. 

1 seei'. 

... 2 .seers. 

... enough to make all 
tliese into a paste. 


But the ])aits should be used judiciously in order to produce 
any etfeet at all. The best time would be March or a little 
earlier, before any crop is sown. If there be weeds growing 
they should be cleared off and so also fallen leaves, even though 
dry, of any big tree wliich may be standing near the place. 
Thus the crickets maj^ not be diverted and all will surelj;^ take 
the bait. Another method would be to spraj^ with a strong 
poison all the weeds and .young and low vegetation. But this 
will not be a,s cheap and as effective as when the weeds ai'e 
cleared off and the limited amount of poisoned food only remains 
available to tlie crickets. 

In a garden the .simplest plan would be to keep watch foi* 
fi-esh l)urrow.s, and if noticed early before they go down very 
deep, the crickets can be driven out with only a little water and 
without digging. In a courtyai'd eight crickets were driven out 
with les.s than half a kerosene tin of water. The burrow need 
not be actually Hooded. The heaped up earth is pushed aside 
and water is poured into the hole ; the cricket comes near the 
mouth where its head is visible, but does not leave the hole. 
Now a klvurpi is plunged a bit obliquely into the earth eithei' 
to cut the cricket or intercept it. 
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Pusa, 

18 th April 1912 . 


T. BAINBBIGGE FLETCHER. 
Ohg. Imperial Entomologist. 



M-RMOTR?; (W THE 

ERRATUM. 

On page 249 for Plate ITT read Plate X.1V. 
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Entomological Seriks. Vol. IV, No 4. 

MEMOIRS OP THE 
DEPARTMENT OP AGRICULTURE 
IN INDIA. 

LTFE HISTORIES OF INDIAN INSECTS— IV (HYMENOPTBRA) 

On page 192, lines 5 and 6 from fcop 

For narrowly, and the hypopygium two large lateral spots on the 7th segment, 
yellowish white, etc. 

Bead narrowly, two large lateral spots on the 7th .segment and the hypopygium, 
yellowi.sh white, etc. 

On page 258, line 13 from bottom 
For the tvord pupa read pupse. 

On page 262, line 6 from top 
For margin. On the outer surface, etc. 

Bead margin, and on the outer surface, etc. 





LIFE HISTORIES OP INDIAN INSECTS : 
(HYMENOPTBRA). 

BY 

GOBmD RAM DUTT, b.a., 

Assistant to the Imperial JUntomologist. 

FAMILY MUTILLIDiE. 

Miitillids, otherwise known as Velvet-ants, on account of the 
velvety pubescence on the abdomen of the females, are commonly 
seen at Pusa from March to October, every year. Males have long 
graceful wings, generally smoky in colour, but the females are wing- 
less. The former are seen flying about on plants, and the latter 
running about on the ground Hke ants, from wliich they are distin- 
guished by the absence of nodes, between abdomen and thorax, 
which are so conspicuous in the ants. Whenever a male Mutillid 
is observed flying close to the ground with wings well spread out, 
head sometimes drooping, sometimes raised, just slamming over 
the surface of the soil, now touching it, now receding, it is probably 
in sea,rch of a female wasp. On finding her, it swoops down and 
carries her ofl by the neck. Pairing may take place at any conve- 
nient locality, on a branch of a tree, or elsewhere. If disturbed, 
they usually fly away together ; it is seldom that they part. The 
fact that the male shakes the female at intervals, mentioned on 
p. 187 of Mr. Lefroy’s ‘ Indian Insect Life," has been observed by 
me in the case of Mutilla sexmaculata, Swed. 

Female Mutillids sting badly ; the sting is very poignant, but 
causes no appreciable swelling. I was once stung by Mutilla durga, 
Bingh. $ in the palm of my right hand ; the pain caused was very 
severe, but lasted for only 5 or 6 minutes. 
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Mutiliids lead a parasitic life upon otliei Aculeate Hyineiiop- 
tera. I bred fTom the cells of Sceli'ph'on fnadras'patanum (i .) a 
Mutillid wasp which is identical with Stenomutilla oglam, Cam., in 
all its structural features, but has the basal abdominal segment 
black, not red. 



Fig. 1. MumiA sexmacolata, Maie. 

(I.r.n) 

Mutilla poomensis, Cam. $ , Miitilla metallica^ Cam. $ , and 
Mutilla yerbwyi. Cam. 6 , were reared, from broken clay cells which 
were unmistakably those of Eumenid wasps. 

Mutilla regia, Sm. c? & $ were reared from the cells of Eumews 
conica, F., and once from below the sandy soil where Bemhex orien- 
talis, Hand!., Pliilanihus puhlierrimus, Sm., and Pala/rus spp. were 
nesting, I obtained a cocoon from which emerged a very pretty 
female Mutillid, probably, an iindescribed species (PI. XIV, 
Kg. 6). 

Economic. Excepting the cases quoted above, it is not known 
what other species are parasitised by Mutillids, and this is the chief 
point about which definite and accurate information is required, 
before the economic value of this family can be determined. 
Secondly, we should also ascertain the economic position of the 
parasitised species, i.e., whether they are beneficial, useful, or 
injurious. The results, based on whatever little has been investigated 
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by me on the subject, in indmdual cases, are given below. As 
aforesaid Mutilla regia, Sm., lias been bred on Eu-menes conica, F. 
This Eiimems, we know, stocks her cells wdth paralysed cater- 
pillars, which are generally injurious insects. Mutilla regia, Sm., 
is therefore an injurious insect in as much as it parasitises an 
insect beneficial to us. Mutilla yerburgi also for similar reasons 
is an. injurious wasp. Next consider the case of Stenomutilla oglmia, 
Cam., which has been bred from the cells of Seeliflifon madrasjyata- 
nnm (Fabr.). S. madrasfatanum (F.), stores spiders in her cells; 
spiders are, I think, beneficial to some extent {vide my note on 
tlie subject under ScelipJiron madrasfatanum (F.), pp. 213 — 14). It 
follows from this that the Mutilla in cjuestion is a beneficial 
insect in so much as it checks the sprea'^" of an injurious one. 

FAMILY THYNNIDiE. 

There is practically nothing on record as to the habits of the 
Indian species of this family, which contains only two Indian genera, 
MetJioca and Isivara. Of the former only one species, MetJwca 
bicolor, Cam., occurs at Pusa, and of the latter we have only one 
representative' ^swara hiteus, Westw., in our collection, the speci- 
men having >],:en at Sargodha, Punjab, in July 1906. 

GtENUS Methoca. 

Methoca bicolor, Cam. 

The female wasps of this species are wingless and walk about 
actively like ants, constantly moving the abdomen up and down. 
The resemblance of this female wasp in shape and colour to the worker 
of the common black and red tree ant, Sima nifonigra, Jerd., is very 
striking. They differ however in size, the former being constantly 
smaller than the latter. The doubly constricted thorax of the 
.wasp is easily mistaken for the two abdominal nodes of the ant 
(Pi. XIV, Figs. 4 and 5). 

The name appears to be pre-occupied, ha\dng first been used 
by Say in 1836 {vide Boston Journ. Nat. Hist., Vol. I, p. 299). I, 
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therefore j call this species Methom nifonigra, after the ant 
it resembles so closely. 



FAMILY SCOLIIDJil. 


There is very little on record as to the habits of the Indian spe- 
cies of this family also. At Pusa representatives of all the genera 
(‘xceptiiig one (i.e., Liacos) are found. Mj/zvie dhnidinta, Giier., Scolia 
qiiadnpiistulata (F.), EUs anmdaki (F.) and Elis tHiorndm- (F.) are 
amongst the commonest species olitained here. During the months 
of July and August the male wasps are seen in large innnbers 
hovering on flowers, or on grass under the shade of trees, and 
from March onwards the female wasps are seen flying singly close to 
the ground, probably in search of beetle grubs, wliich they have 
been known elsewhere to parasitise. Only on one occasion, while 
digging up an ant colony situated on sandy soil where 1 used to 
observe Elis tJioracica hover and disappear in the soil, 1 secured a 
hard oval black cocoon, very similar to a dried ball of goat’s dung. 
It did not look at aU like a cocoon, and while 1 was pressing 
and examining it, it broke in my fingers and the resting larva inside 
was badly injured. 

The cocoon may not be of Elis thomeica or of any other Scoliid 
wasp, but the facts Elis tliomcica constantly flying there 
and that I obtained cock-chafer grubs (which are believed to be 
parasitised by the wasps) from the same locality, make it a possi- 
bility. However, on such hail grounds I cannot express an 
opinion. 

Relation hekveen Myzine dimidiata G-uer. ami M. madrasfatana, 
Smith. 




I have made a series of observations on the above subject. 
On 1st July 1908 I noticed Myzine dimid/iata flying in large numbers 
over dead and dried leaves under a Sarisli (AlUzzia lehbeh) tree. 
All the specimens captured proved to be males without any excep- 
tion. I could not guess what they were about— was it mere frol- 
icking or what ? The only thing they did was to sit occasionally 
on a blade of grass for a couple of minutes and to fly away again. 
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1 watclied tliem daily for some time. On lOtli July 1908 I marked 
M. madraspatcma $ dying there. One dimuliata 6 jumped on 
her knocking her down and then dew aw^ay. Another dimidiata d' 
followed suit, but nothing of any consequence happened. This 
made me suspect some relation between the two. Oji another oc- 
casion, I saw a dimnliata 6 sitting quietly over pieces of broken biicks 
for an imiisually long tin.ie. 1 went nearer and saw something mov- 
ing below. On closer exainiiiation it was found to be a winged insect, 
and wlien the dimidiata dew away 1 discovered that the liidden wasp 
was no other than d/. madraspaiana. Tins incident supported 
my former conjecture. I contbiued watching them, and at last on 
loth July 1908 I caught dimidiata 6 and ymulraspatami 9. 
coupled. 

Two important conclusions can be drawn from the above ob- 
servation : — 

(?') that Ji. dimidiata and ili. )nadmspataua are not two 
distinct species but a, re male and female of the same 
species, or 

{ii) that in this genus males and females of tlideient species 
can breed together indiscriminately. 

I support the drst inference for the reason that the late Ooi. 
Bingham, in the Fauna of British India, Hymenoptera/'' Vol. 1, 
divided the genus My zinc in two parts : — 

(A) Females only known. 

(B) Males only known. 

M. madraspatana is mentioned under A. and Ad. dimidiata 
under B. 

It appears that these wasps were Jiever captured before ‘ in 
cop, ’ ’ and since there is not the least resemblance between the two 
in. colour and shape they Avere described as distinct species. Dif- 
ference in colour is a mattei* of no great consequence in the de- 
termination of sexes amongst BcoHids. We find in Elis annulata 6 
and $ another instance of the same kind. The male is smaller and 
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female L lobuet, and blaok with white pubescence. 

.l?AMILY P0MPILir3i®. 

GElifUS Macrombeis. 

Mo/Cromei'is viola^cea, Lepel. 

In the “Fainmof British India, Hymenoptera,” Vol. I, the late 

Col. Bingham remarked regarding this genus as olloy iht 
hahits of the species belonging to this genus are almost mrknoTO 
Once I observed a female earryuig a large hairy spider {Hetmopoda 
vemtoria) to a chink in a deserted wooden house, in the forests 
in Tenasserhn, and there is no doubt she was storing these as food 
for her future progeny.” By the time of the publication of Mi. 
Lefrors ' Indian Insect Life ’ 1 had obtained only lai-v^ and pupa^ 
of this wasp, and the limbs of a spider in one cell. Smce then cells 
containing eggs have also been found, and I have succeeded m study- 
ing one Hfe cycle of .this, interesting ..and rate wasp which is as 
follows; — 

The female Waip eoiistmcts^,4ark bimni- cells in hoUows or under 
the raised portion , Of bark of ofl'Ws. /M one and the same spot 

• as many as naif a 

dozen of these ceils 
may be found. The 
general shape of these 
cells is long oval, 
length about 22 to 26 
mm. and breadth 
about 15 to 17 111 m. 
(Fig. 2). Materials 
used by the wasp 
[ in constructing these 
cells are vaiioiis , e.f/.. 
xU{Li. L.) clay, sand, chewed 



xU (LI. L.) 





EXPLANATION OF PLATE XL 


M'icromeris ?no(acea, Lepel. 

1 . Spider Ijearini; au tign of the wasp. 

2. Two days’ old larva of tlie wasp, 

3. Full "fown larva, dorsal view. 

4. ,, ,, ,, side view, 

5. jj ,j „ spinuin" cocoon inside a cell.„ 

0. Pupa, dorsal view, 

7, , , , „ side view. ■ 

S. Imago, dying attitude. 


All figures magnified x 2, 
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up vegetable inatter, some gummy substance, etc. The 
outer surface of these cells is rough and rugged, granular and 
superficially ridged, but the inside is quite smooth. The front 
near the upper end is flattened and is thinner than the rest of 
the cell, and it is this portion which is pierced by the wasp at 
the time of emergence. The lower end of a cell is stuck on one 
side against the trunk of a tree and the remaining part of the 
cell stands out at an acute angle. 

In each cell a single big spider is stored and on its ventral side 
near the base of the abdomen is laid an egg. (PI. XI, Fig, 1). The egg 
is milky white, long and a little curved ; length is 5 mm. and breadth 
a little more than 1 mm. 

The egg hatches in about 2 days, and the young larva thrust- 
ing its mandibles into the abdomen of the spider begins to lap the 
body juice. The abdomen consequently shrinks and the posterior 
spinning-mamillae become distinctly visible (PI. XI, Fig. 2). As the 
larva grows it eats voraciously and the spider is completely 
finished in four days ; nothing but the claws are left. The larva 
is full grown then and measures when stretched, 28 mm. long 
and 6 mm. broad (PL XI, Fig. 3) ; the head usually remains doubled 
below the thorax (PL XI, Fig. 4). It tapers gradually towards the 
head end and at the prothorax it is 2‘5 min. wide. The head is 
wider than the prothorax and is 3 mm. across. It is fight brown- 
ish in colour and bears two slightly pinkish lines which converge to 
the vertex. The apical portions of the mandibles are reddish. 
The body is divided into indistinctly marked segments and is 
margined laterally. On each side of the body there are 9 circular 
spiracles. The integument is transparent, and through this 
white round particles of fat are seen moving forwards and 
backwards. The general colour of the larva at this stage is 
greenish gray. The larva spins a brownish cocoon inside which 
it pupates (PL XI, Fig. 5), but before actual pupation takes place 
it rests for about 5 or 6 days. The colour of the larva in this 
‘ resting stage ’ tans to defightful pale yellow and the larva begins to 
contract a little in size. Below the larval skin becomes visible, 
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tliougliiudistmctly, the future pupa. mpa'^rof ivorv- 

Hhed and the true pupaUtage co— a. ^ 

white colour and po« all the hmha of ti c pede 
which are synunetrically folded on he ven to ' 

— - "tr 

rr i» .-ing «* «. “ “ "‘“ • ■"■” ” :;r”: 

Gradually changes in the colour of the pupa set in fioui the lie. 
“he eyes turn pinkish to begin with and then blackishness 
tears on them and L on the thorax. This black colour slo^y 
rtds towards the abdomen till on the 11th or 12th day the whole 
iLot becomes quite black. On the 13th or Uth day after pupation 
r tit pellicle covering the pupa is shed and the wasi«es 
(PI. XI. Pig. 8). It leaves the ceU a day afterwards on getting di\ . 
Thus from egg to imago it occupies about 4 weeks. 


Egg Stage 
Larval stage 

(iacluding ‘ Besting stage’ ) 
Piipal stage 


2 days. 
10—11 days. 


14 days. 


2(i — 27 days. 


Genus PsEUDxiUENiA. 

■ A mon g the species belonguig to tliis genus those found at 
Pusa are P. bUtda (Guei). P. dyfeata, Biiigli.. P. Imraculffl, Bmgh.. 
P. wgim (Smith) and two undetermined species ; but none of them is 

conimoix. 

Pseud(Mj&MCi> blo/'iidd (Guer.) 

Pseidageivia Uanda i constructs clay cells in places hidden 
from external view, such as natural crevices, cavities and hollows m 
big trees or under their bark, etc. She is strictly a wasp of the 
j^Lle, never coming into our houses like Scdifhron or Emmmd for 
nest niakii^. There are only tivo ceUs in a nest (so far as 1 h.ave 
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ascertained) and these are constructed in juxtaposition, one cell 
Ijeing smaller than the other (PI XIll, Pig. 3). Froin the smaller cell 
emerges the male (PL XllI. Fig. 4 & PL XIV, Fig. 2), and the female 
from the larger one (PL XiV, Fig., 1), The male cell is 13 m.m. long 
and the female cell about 17 m.m. These cells arc very similar 
in shape to those of Sceliffiron- yuadmspataymm, l)ut are con- 
stantly smaller in size. One more pecnliaraty has been noticed 
in tliem that near the top there are invariably fixed some (,'iav 
balls ill the sliape of knobs (PL XIIT, Fig. 3). 1 cannot guess 
what utility these are to the wasp excepting that they give to the 
cells more or less the rough appearance of tlie uneven surface of 
the bark of trees on which the cells are constructed. 

In each cell one spider of medium size is stored, and on the 
ventral side of the abdomen near the base the egg is laid trans- 
versely. The larva, as usual, on hatching feeds on the spider, 
after consuming which it spins a thin brownish cocoon inside which 
it pupates. The ivasp emerges through a. hole made in the top of 
the cell. 

The male wasp of this species does not appear to have been 
described yet. I, therefore, describe it as under : — 

Pseudagenia hlancla (Guer.) j — (PL XIV, Fig. 2). 

Head, thorax, and abdomen pruinose ; portion behind the 
eyes, the sides of the pronotum, pleura, and the sides of the median 
segment covered with longish thin white pubescence, the clypeus 
large, convex, and its anterior margin slightly sinuate ; eyes con- 
verging both above and below. Pronotum short, slight]}^ trans- 
versely silicate along the posterior margin ; median segment long 
rounded with a gradual slope to the apex, transverse wavy stria- 
tions along its middle portion which is without i^ubesceiice, its ante- 
rior lobe is deeply longitudinally impressed and bears faint trans- 
verse striations ; li^gs long vdthout spines, calcaria of the hind 
tibia3 about as long as the 2nd tarsal joint, abdomen fusiform. 
Bluish (in certain sti'oiig lights black with a bluisli bloom) with a 
thin, silvery pile ; the palpi, labrum, mandibles at apex, clypeus 
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except a dark brown spot in the centre, face to a Httle above the 
base of The antenna in the middle and up to the vertex along the 
innei- orbits of the. eyes, the scape of the antenna in t'ont, all i le 
coxrn in front, apical margins of segments 1 to 8 of the abdomen 
narrowly, and the hypopygium two large lateral spots on the 7th 
segment, yellowish white ; abdomen black with a bluish bloom , 
Ijase of the mandibles and antemiai black ; the femora orange red, 
the tibiis and tarsi dnsky brownish black ; wings hyaline and 
iiideseent. apex of the forewing narrowly fuscous ; nervures and 
teguliB testaceous. 

Length. 8*5 mm. Exp. l4 mm. 

Economic . — This wasp constructs ceils in pairs, but it is not 
known how many such pairs are built by one wasp. If after 
constructing the first pair of cells, she dies or is incapable of 
la}T.ng more eggs, I should class her as neutral from an economic 
point of view. We have seen she lays up a single spider in a cell, 
and as this wasp is never alnmdant at any time of the year, the 
number of spiders destroyed is insignificantly small. Consequently 
the harm done by this wasp is negligible. 


r 
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Fseiidacjenia clypeata, Bingh. 

The nesting habits of this wasp are very interesting, and 1 cannot 
do better than quote here one of my observations on the subject. 

I’ged Pseudage- 


emer^ 
nia clypeata, male 
and female. Tin? 
nest appeared to be 
decidedly that of 
some SceMphvn 
wasp, probably of 
S. coromanddicum 


Fl(!. o. NeSX OF SCBLIPHRON COROMANDELIOUM Of'CUl^IKft 
I!Y PSBUDAGBNIA OLYPEATA X 4 (I. I. L, 
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(Lepel), but tJie emergence of the Pseudayema, which is not a 
parasite, was indeed puzzling. 

' Tlie first essential thing to determine was wiiat sj^ecies had 
originally constructed the nest. Of all the juud-nest constmcting 
\vasps found, at Pusa, Seeliphron coromandelwum alone could make 
such a big nest. However to ascertain this 1 closely examined the 
underside of the nest. If it were actually the nest of Scdvphroa 
coromm^deliGimk I argued, there must have been a few large cells of 
equal size more or less in a line. No doubt there w^as one big emptv 
ceil visible on the underside. On the right hand side of this evil I 
removed a little clay with a knife ; a cavity appeared, and 1 0 }')ened 
it little by little till the cavity proved to be another cell (of the sajiie 
size as the first one) containing broken limbs of spiders. Simi- 
larly on the left hand side of the 1st cell I o^iened another cell of 
the same size containing dried and broken limbs of a wasp, but from 
these broken limbs, the wasp could not be definitely determined. 
Thus seven cells were discovered in one line, and from, one of these 
I obtained a rotten specimen of Scelifliron coronumdeUcimi covered, 
with fungus growth. This decided one point. 

‘ * Again, in some of the cells I found empty brown cocoons of 
the ScelipJwon containing small clay cells in which were seen thin 
yellowish empty or inhabited cocoons. 

" In some cases in a single cell of the Seeliphron there were 
noticed two smaller clay cells, each containing a full grown larva 
or a pupa in a thin yellowish cocoon. Again, all round these seven 
cells and on the margin of the big nest, smaller cells containing the 
above mentioned larvae and q^upae in cocoons were discovered. 

Prom the above mentioned facts I conclude : — 

1. That the nest was originally constructed by Seeliphron 
coromandelicmn ; 

2. That when the wasps had emei'ged from almost all the 
c{ills the empty cells were utilized by Pseudagenda dypeata for 
nesting ; 
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3. That when all the emi^ty cells were oecupiecl more cells 
were added on to the margin all ronndd^ 

It may he interesting to know how to distinguish exteriiaih' 
a coronunidelicimi nest occupied by P. dypeata from a nest which is 
unoccupied. The test is sinijile : Scelifliron coromandehcimi is a, much 
liigger and stouter wasp than Pseudacfenia elij'peata. ISTaturally 
enougii the former is (capable of carrying much greater quantity of 
mud at one time than the latter. Thus when mud pellets are 
thrown at random on the completion of the nest by the SceJdpliron, 
the nest assumes an ugly appearance of one lump of mud, whereas 
the Pseiidagema covers the outer surface of the nest all over 
u'ith tine small round clay balls which are laid i*egularly side by 
side (Plate Xllh Figs. 1 <fe 2). 

In a cell of Psendagenia clgpeata only one spider of a moderate 
size is stored. On the underside of the abdomen of the spider 
the egg is placed transversely, and not inclined to one side of the 
abdomen as in the case of Sceliphron wasps. P. difpeata takes 
particular care to bite off the spider's legs before egg laying ; thus 
minimizing the chances of destruction of the egg from the leg 
strokes of the spider administered during moments of convulsive 
agony, and ensuring to some extent the security of the larva from 
similar disaster when it is biting into the abdomen of its victim. 

The ege- is about 2 ni.m. long and 0*4 ni.m. broad ; white, long 
and cyhndrical witli ends rounded. About 6 days after hatching 
the larva finishes its spider and is full grown. It measures 
then 0 ni.m. long and 2 m.m. broad (one larva measured 10 m.m. 
long and 3 m.m. broad ; probably this was the larva from which a 
female wasp was to emerge). Ueneral colour of the larva is gray. 
It looks very similar to the larva of Scelipkrou madmspatammi 
ill colour and general appearance. The integument is thin 
and transparent, and through it are \dsibie round white particles 

* Note.— I n July I removed from a tree a mud ne.sfc of Scdi/ikroii, eoromandeVmm 
from 'svliich emerged i)0fcli the wasps Sceliphron coroma7idelictm, and Pneudaffenui ch/jwuta. 
It shows that tlie Psendagenia does not necessarily wait till all the wasps from the cells of a 
nest have emerged, but occupies or adds her cells on to it even if some of the cells are inhabited 
by the ifeZyVmm larva? or pupm. 
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(of fat) nioving to and fro. The pro thorax lias not those fleshy 
tubercles which are so conspicuous in Scelifhron madrasfatanum (F.) 
larva'. That portion of the body representing the abdominal 
segments is mairgined laterally and the marginal area is indented, 
Ijeai’ing blunt fleshy triangular tubercles. There are 14 segments 
of the body including the head which is bigg(u.’ and lu’oader than 
(‘ach. of the three' succc('ding thoracic segments and smallei’ and 
narrower tlian tlu' central ones. On the front thei-e are two slanting 
brownish, lines converging towards the vertex. 

The full-grown larva spins a thin yellowish brown cocoon inside 
■which it rests and pupates. As soon as spinning is finished the larva 
discharges excreta which do not form a long continuous mass as 
in the case of Sceliphron larvsei, but a string of pointed beads. * 

Enemies. — Two parasites have been bred from Pseudagenia 
dppeata. one Hymenopterons (Iclmeiimonidse) and the other 
Dipterous [Hyperalonia sp.) The full -grown larva of the former spins 
a separate thin wliite cocoon in the cell of the host, while the latter 
pupates inside the wasp cocoon. Once the Hyperalonia maggot gets 
at the wasp larva, the former finishes the latter within three or four 
days' time and rapidly increases in size (Fig. 4). When full 
grown its length is 11*5 m.m. and breadth 3 m.m. at its widest 
portion. General colour is yellowish white. The distinctly marked 
segments of the body are ten ; but on taking into account the faint 
transverse impressions, on the ventral surface, they number twelve. 
The anterior portion is rounded, smooth. There are no mouth 
parts visible, but just in the centre on the front side, there is seen 
(under a microscope, of course) a thin curved beak-like process. 
reddish-brow]i in colour. On either side of the 1st anterior segment 
is visible a spiracle, semi-circular in shape. On the last segment 
but one on either side, there is another spiracle circular in form. 
The integument is very thin and transparent. Below are almost 
round white particles of fat accumulated together and arranged 

* Note. —T his holds g-ood only when larv-nj are put in an open glass crucible where they 
cannot spin a regular cocoon. 
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the middle portion of the 
■ests inside the PseMclagenm 
cocoon ill a curved position. 
Kesting period lasts from 5 
to 6 days in summer, after 
which the maggot casts off 
its skin; and this is an im 
dication that the pupal stage 
has commenced. The pnpa 
is quite a curious object. 

It has no similarity either 
with the maggot or the fly. 
The head end is furnished 
with 8 spines, the tail with 
two, the body with long red- 
dish brown hair, and the 
middle segments above with backwardly-pointing thick short spines. 
There are eight ear-shaped spiracles on either side of the body; 
but there are no spiracles on the first and last segments (reckoning 
from the head end). The pupa is of a yellow colour m the begm- 
niiio- (excepting the spines and hair which are reddish brown), but 
gradually the head, thoracic segments (and wing pads) turn dark 
brown and become darker till just before emergence of the fly these 
parts become very dark brown approaching to blackness. 

The pupal stage lasts for 12 days in summer. Emergence 
takes place just in the same way as in the case of Hy^emloma 
s-phpix, described under SceU'phron madraspatamm. But one thing 
is worth mentioning ; when the pupa is lying in a glass crucible 
on one side, it turns on its baclv at the time of the emergence 
of the fly, thus resting on the backwardly-pointing spines with 
which its back is furnished. 

Economic . — Although this wasp also stores a single spider in. a 
cell, yet I will put it down as an injurious insect ; for in a single 
nest there may be as many as eighteen (more or less) cells which 
means destruction of an equal number of spiders in one brood, in 


in beautiful indented patterns near 
segments. The full grown maggot i 



4. L-AKVA of Hypeealokia sp. in 

RESTING STAGE, EYING NBAE THE 
DESTROYED PSBUDAGENIA LARVA 
SHOWS' ABOVE IT x2(I. I. L.) 
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tile following brood there will probably be six females (a lie wing one- 
third the number as parasitised and one-half of the remainder as 
males), each, paralysing 18 (more or less) spiders. Similarly in 
the next brood from each of these six nests six female wasps will 
emerge, each storing 18 spiders in her nest. Thus there will be 
an enormous number of spiders paralysed and destroyed by this 
wasp during a year. The spiders stored in cells being the web- 
spinning species are useful {vide my remarks on the subject under 
Sceliphron mmlmspatamim). 

Pseiida^enia spp. 

Four clay nests, consisting of small delicate cylindrical cells 
arranged in double rows were removed from the trunk of a Pipal 
tree in July 1909 (PL XIII, Fig. 5). The largest nest contained 
eleven cells. Each cell measured 9 to 10 m.m. long and about 3 m.m. 
broad. Only one spider was stored in a cell and an egg laid on its 
abdomen, and in this respect it agreed with Pseudagenia clypeata 
and Pseudagenia hlanda. Males and females of an undescribed 
species of Pseudagenia emerged from these cells (PL XIII, Fig. 6). 

In March 1909 I found a big deserted nest of Sceliphron eoro- 
mandelicum constructed in a hollow of a tree. All the cells but one 
were empty. This one cell did not contain the SceUphron larva or 
pupa, but was found to be inhabited by the pupae of sl Pompilid 
wasp {Pseudagenia). The cell was divided into four smaller cells, 
and in each was found a pupa encased in a cream coloured thin 
cocoon. An undeseribed species of emerged from these 

also. 

Apmus cotesi. Cam. 

These tiny active Pompihid wasps are commonly seen at Pusa 
during March, each year, on sandy soil by the riverside, chasing 
small ground spiders. Their nests are probably under ground and 
are stocked with spiders. On 14th June 1909 I dug out one cocoon 
of this wasp. On opening this I found the larva ' resting ’ inside, 
and in this state it remained for over two months. The cocoon w&b 
of a reddish brown colour and club shaped. 
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E!>ize: — Lenglii 16 m.ni. and 

Breadth 3-5 man. at the widest part. 

The wasp emerged on 27th August, 1909. 

FAMILY SPHEGIDdil. 

l?his is a viiry large family containing nearly 40 Indian genera, 
representatives of nearly all of which are found at Pusa.. The genus 
Sceliphron alone has been studied in detail, but a few observations 
concerning the habits of other wasps of this family have also Ireen 
made and these are recorded here. 

Notogoma suhtessellata (Smith). 

1 have nothing in particular to add to the habits of this wasp 
given in Indian Insect Life,” but I may quote here one or two 
observations from my Note-book dealing with the subject in detail. 

Pusa— 13th Feb., 1908. 

' Noticed Notogonia suhtessellata ? hying on sandy soil, on 
the left bank of the river. She selected a spot and began digging 
there. A. small hole was dug up in the beginning and then she 
removed the loose soil ; went into the hole a second time, dug fur- 
ther down, and came out again with loose soil. (The anterior 
legs are turned into a loop to carry the soil out). This soil was 
heaped up close to the mouth of the hole, but as the heap assumed 
an appi'eciable height, she got to the top and demolished it by kick- 
ing away the soil by her hind legs, to prevent its falling back into tlu^ 
hole. She must have been digging for about five minutes when, 
from a hole just close to the one dug out by the wasp, there jurnpef! 
out a small white immature cricket. The wasp was inside the 
hole, but she somehow learnt that her prey had escaped ; tlit' 
cricket came to the place where I was standing and hid itself under 
my glass topped box which was lying on the ground. The wasp also 
hastily came out of the hole, and finding another hole close by 
entered into it. I got hold of the cricket and thrust it in the hole 
behind her. It jumped out again, but was closely pursued by the 
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wasp. The cricket .showed niucli agility, but was in a moineiit in 
the grasp of tlio wasp. She stung it on the imder-side, near the 
pro-meso.^ema] suture. As soon as the poison was injected the 
fV^ active just a minute before, lay motionless, 
though not dead. The wasp left it and surveyed it probably witli 
a sense of lelief and satisfaction. Presently she jumped on its back, 
and, grasping an antenna, sat as if in a riding posture. She took 
tour or five ono-foot flights vdth the heavy load and ultimately flew 
away from my sight behind the Tiir plants which were growing thick 
clo.se to the field where I made this observation. ’ ' 

^ -‘ Another A. siibtessellata dug out a cricket from its burrow, 

stung It and earned it to its ne.st which was situated in sandy soil 
under ground. Just close to this nest she alighted from the back 
0 t e cricket, caught hold of an antenna and entered the nest 

moving backwards facing the cricket.’’ 

Multan City (Punjab), 14th April 1908 . 

At the foot of a wall there was a hole, in which I noticed Liris 
iKBmofflioidalis, Guer, entering vdtli a big ground cricket. As the 
wasp is very pretty and not found at Pusa, I was anxious to obtain 
this specimen. I could not remove the bricks and the plaster from 
the wall, and the only way to get it, I could think of, was to place 
my killmg tube at the mouth of the hole. After 15 minutes, on look- 
ing to my tube I was astonished to find a specimen of Notogonia 
siibtessellata, with the desired specimen of Liris, in it. Whether the 
Notogonia had been by mere chance to the hole of Liris, or 
there were two separate chambers with a common entrance, or the 
former had entered into the nest of the latter with a view to steal 
away the stored crickets or to lay eggs on them, I cannot definitely 
say. But it is an interesting fact to record.” 

Fison erythrofus. Kohl. 

harly in November 1908 1 collected some small cylindrical 
clay cells which were entangied in the cobweb of a spider high up on 
a tree. Tbe cells were very delicate and broke under the shghtest 
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pre.ssiu’c of tlie fingers. Both the ends of the ceils were rounded and 
each ceil measured about 9 niin. long and 4 min. broad. On opening 
up a cell I got about 30 minute spiders and a tiny little larva feeding 
on them. It was no small wonder to behold so many spiders paclced 
together in so small a compass. The larva when full-grown spun 
fi rather tough dirty brown cocoon, the lower end of which turned 
darker as the larva deposited excrement at the bottom. Each 
cocoon measured 8 mm. long and 4 mm. across, cylindrical in shape, 
A\dth ends rounded. The larva hibernated throughout the winter 
and on 18th March 1909 several wasps emerged. The hibernating 
larva, like Sceliphron larvao, lies doubled up inside the cocoon. 

On another occasion (in June 1911) I saw these cells c-on- 
stnicted close to the white silken cocoon in which spiders enclose 
their eggs. 

In a nest there are from 6 to 12 cells, and in each cell about 
36 minute spiders are stored. Taking nine as the average number of 
cells in a nest it w^oulcl be necessary for the w^asp to paralyse at least 
324 spiders, a number which is not easy to secure. It is for this 
reason that w^e find the cells of this w^asp close to or on the spider webs, 
so that she may not have to go far away in quest of her prey. The 
white silken cocoon mentioned above was found to contain only the 
empty egg shells and the w^asp larvae inside the cells had pupated. 
It appears that the wasp selected this site for her nest at the time 
when the eggs were just hatching. 

Eor reasons discussed under SceU'phron maclraspatanum I do 
not consider this wasp to be a beneficial one. 

Trypoxylon f ileatum, $ (Smith). 

This W'aap, so far I have seen, very seldom constructs a nest 
of her own. It generally occupies empty reeds, thatch, dry empty 
branches of the Ak plant {Calotropis sp.) and of the Pipal tree {Ficus 
sp.) which once contained the cells of the green bee Ceratina viridis- 
sima, Dali. Torr, Once I saw this wasp making a cell in the folds 
of a newspaper, and this has been observed by the late Col. 
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Bingluiiii also Fauna of British Tjiclia, Hjjneijojjtera.'’ \'ol, 1, 

p. 223). Jt always takes advantage of ready-made holes, aiul 
natural cavities, which are simply partitioned of! into cells by 
round mud plugs, in very rare cases the female has been observed 
removing dry soft pithy substance from a diw l:)ran(;h of a tree or of 
a plant for nesting. 



in each cell paralysed spiders are stored, on which the larva 
feeds. Fig. .5 shows this wasp bringing a spider to her nest in a 
hollow stem. When full-grown 
the larva spins a thin brownish 
cocoon inside which it pupates. 

The pupal stage lasts for about 
12 days. A few days prior to 
the emergence of the wasp the 
pupa develops on either side 
of the three basal abdominal 
segments white crescentric 
marks which remain fusible for 
at least two days even after the 
emergence of the wasp. ' 

An undescribed species of 
this genus, very similar in habits 
to T. fileatum, has been bred 
here from cells in reed ["and 
thatch. The largest number of 
cells found as yet in a nest of 
this species has been twelve. 

The pupae are encased in thin 
brownish yellow cocoons which 
are 7 mm. in length and 2 mm. across. 

The spiders stored in both these cases are the web -spinning 
species. These I understand to be useful to some extent for the 
reasons^ discussed under Scelifh'on Tnadms'patmmm, These wasps 
1 consequently class as injurious insects, 



Fig. 5. Trypoxylon pileatcm bringi.n'o 

A SPIDER, TO HEPv NEST IN A HOLLOW 
STEM ; THE NEST HAS BEEN OPENED 
TO SHOW THE CELLS. (I. I. L.) 
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QeSDS AMMOPHttA. 

The m, demoted species of this OeiUTS are coimuon nt Pusa:. - 

2. AwmtyphUa 

3 . AmmnpiilalcGviqata,^\^^^^ 

The habits of AnmwfUa Icevif/rm, kSio,., have, been deserd.ee 
in, ‘‘ Indian Insect Pests,' ’ pp. 271-272, and new! uotbe re-prodneed 
here. The remaiiiing wasps also behave similarly. Iheso, Arasps 
appear each vear as early as April a,nd remain active till October, 
bnt ate commonly niet rvith only during August and .September 
when they a.i'e seen hunting caterpillars in the fields. Sim < 1 u sc 
prey upon caterpillars, they are decidedly hcneficial insects, 

Ctenus Soeliphron. 

Seelipkron mculmsfatanum (.b^abr.). 

The female wasp constructs mud nests consisting of 2 to 7 long 
narrow .semi-cylindrical cells, in the corners of houses,, in wooden 
furniture, etc., etc. These cells arc stored with spiders, and eacli cell 
may contain alxu'it,l^i#cje],'s.’'fe^^^^^^ more or less. . 

Lengtlr- a ’ <^el] ' cYteriialifetop to bottom is 27—30 mm. 
Length of-irctual caYifYj:^T^ide is li^.420 mni. and width 6 nun. 

A ceil 'is^raiseci to the neccsi^w height in the finst instance, and 
the mouth above is left uiiclos#lT..; Mext, paralysed spiders are broughi. 
in one by one till' the required’ numbei: to be stored is reached. The 
mouth of the cell is then closed with a mud plug and another cell 
is started, in the same way. Cells, when just completed, show some 
evidences of skill in architectural design (PI. Xill, fig. but when 
the whole nest is finished, mud pellets are thrown over it at random 
making it look like a mere lump of mud (Fig. 6). Horne says ' ' on. 
one occasion 1 observed rays of mud round the nest even more 
exactly ipiitating a lump of mud thrown with some force . Thi s 1 hold 
to evince a most wonderful instinct as they could not be required 
for strength.’^ (Trans. Zool. Soc. VII, p. 163, 1870). I have also 
noticed these streaks, but in very rare cases. I think Horne has at- 
tributed more than is Sceli'phron’s due, What Irappens is simply 




Scaliphrim mad ra.rpatanum,, 

A Spider hearifjp; au of the wasp on the v^entrai side 
M ,, a two days' old wasp larva x 8. 

Full grown ifirva, side view x 2. 

A partly finished nest of the wasp x natural sijie. 

Pupa, inside coraton x 2. 

Pupa, ventral view x 2. 

Wasp drawn from a pinned specimen x 
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this, that if Home one is watching the nest from close quarters and 
the wasp returns in tlie meanwhile with a mud pellet, instead of 
alighting directly oii the 
iH‘Ht slie alight; 
taiice away. Being ‘‘fear- 
less wheii emgaged in cell 
building (to (piote Iforne's 
words) she boldly walks iqj 
to the nest with the wet 
mud ball (held between tlu^ 
forelegs and the mouth) 
touching against the wall 
ft is thus that the mud 
rays are traced on the wall 
converging to the nest from 
different sides. I an i there, 
fore of opinion that the presence of mud streaks is not ^suggestive 
of any wonderful instinct, ])ut is the result of mere chance. 

The egg is deposited on the 1st spider brought into a cell and is 
laid obliquely across its abdomen near the base, in such a way as to 
enable the young lai'va to eat into tlie soft portion of the abdomen 
(PI. XTl, Fig, 1). Should the egg be laid in a cell and the required 
niiinbe]; of spiders ]iot stored before dusk, the Sceli/phron puts a 
temporary clay covering on the mouth of the cell for the night, and 
this is taken off the following morning. At night the Scellpliron is 
never seeji on or near the nest. Early in the morning or at dusk 
these wasps can be seen sleeping on the leaves of bushes. 

The egg is white, semi-transparent; in shape long, cylindrical 
with ends rounded. Ijcngth is about 3 mm. and breadth O'S mm. 
Pjefore hatching the ('olour changes to uniform milky white and is 
opaque. This stage lasts for one to two days. 

The larva on hatching remahis in exactly the same position and 
locality as the egg. The only thing which readily distinguishes 
it from the egg is the 2>Tominent constriction separating the head 
from the rest of the l)ody. In length it is a little more than 4 mm. 


some <hs- 


Fl(i. fi. FljriSIIEl) XE-ST OK SOELIPHROX 
^rAnIUSP.4TAXU5r. (From a photogiiaph; 
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audit iswHte in colour. The body is indistiuctly dividod into 
segments of which those in the middle are clearly marked . 
commeuecs to feed on that part of the abdomen where rt hiids i • 
mandibles in contact with the skin of the spider. Fimshing .ns 
spider it attacks the next one above it. Thus it works its way 
upwards devouring one after another all the spiders stored in a cell 
(Hg. 70 ' 



lELIPHRON' MADRA.SPATANITM NEST REMOVEU 
:ORNEH, AND SEEN FROM BEHIND ; LARVA 
PEBUINO ON A SPIDER. (I. I. L.) 

a gTaclual change, 
then changes by degrees to gray, 
succeeding segments and one or two 


The colour of the whole body undergoef 
First it becomes dirty white, 
excepting the head, one or two 
terminal segments, which are all yellow. 

1.11 size it increases at the rate given below . 

Lvf day length 4-r. mm.... White; indistinct ridges on the body, 

Jlnch broader than before. Head and margin of tiie 
body white, rest grayish. 

Body more gray. 

(lolour same ; integument transparent. 

Head and apical segments yellow, margin dirty white, 
rest of the body gray ; very much broader than before. 

Afternoon. length 10*5 mm. 

.oiA day length about ... ... 12 mm. 

fii/i day „ ... • • 13-8 mm. 

7/!7( day „ ... U' mm. full grown. 


xlftcrnoon. 
day length (h 
■ith day „ h- 


It is for this reason that we always find a larva of this wasii heatl upward.- 
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Tile development is rather rapid after the 3rd or 4tli day and 
on the 5th or 6th day it attains the length of 12 mm. and, when 
full-grown (in a week’s time), it measures about 14 mm. long 
and 3 mm. broad in. its widest part. 

Full-grown larva . — Its general colour at this stage is gray ; head 
yellovish, apical two segments yellow and mandibles ferruginous. 
The integument is soft and from above semi-transparent, and 
through it arc visible white particles of fat moving backwards and 
forwards. The body is broadest in the middle, and narrows both 
anteriorly and posteriorly. It is margined on both sides ; margin 
\'ery protuberant, yellowish in colour. On each side of the body 
there are 10 small circular spiracles of 0 shape. The body is 
divided into 14 segments, the middle ones are distinct and deeply 
cut. The segment representing the prothorax has four or five fleshy 
triangular (more or less conical) tubercles. The head is usually 
doubled below the thorax. (PI. XII, Fig. 3.) 

It has been observed that the larva moults several times before 
it attains full length, but the exact number of moults it passes 
through could not be ascertained, for the larva is in the habit of 
eating away the skin as soon as it is loosened, leaving behind no 
trace of the moult. 

When full-grown the larva begins to spin a cocoon of light 
yellow silken threads which turn brown afterwards ; the threads are 
so thickly and closely laid that the cocoon looks as if made of brown 
papery material. The cocoon is long oval, narrow towards the 
bottom ; the top is rounded, and it is as broad there as in the middle. 
Length is about 19 mm. (PL XII, Fig. 5.) When the cocoon is spun, 
the larva pushes out through the anal tube a black mass of excreta, 
which is deposited at the bottom of the cocoon. (In empty cocoons 
obtained from old nests it is found as a black hard substance 
at the bottom. In case part of the excreta remains sticking 
in the terminal segment of the body, and is not completely dis- 
charged, the larva is sure to die either before or after pupation.) The 
colour of the larva is changed to yellow, the body is divided into 
deeply cut segments with protuberant margins, which on account 
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of tlie deeply marked divisions liave the appearance of licshy 
tubercles on the sides. The larva becomes more compact, decreasevS 
in length, but becomes broader. The length is about 10 imn., 
breadth about 4 mm. It loses its activity and remains motionless 
inside the cocoon for a period which extends over 3 to 6 days in 
summer and early autumn. This stage I term the resting stage.’ 

Pupa . — The 6th segment of the body, reckoned from and 
including the head, becomes narrow prior to casting off the larval 
skin which may take place 11 to 15 days after hatching. This cast 
skin in some cases remains sticldng in a rolled-up state to the apex 
of the abdomen. All the limbs of the -perfect wasp appear vdth 
the shedding of the larval skin ; the antennae, mouth-parts and legs 
are spnmetricaily folded on the ventral surface (Plate XII, Fig. 6) ; 
and this appears to be a constant feature with ail Hymenopterous 
insects (Aculeates). 

In a fresh pupa the abdomen is not connected with the thorax 
by a narrow stalk but is joined on broadly, as we find in Sessiliven- 
tres (Adults) ; consecpieutly the length of the fresh pupa is short 
(about 10 mm.). The region between the abdomen and thorax 
begins to be narrowed gradually, and after two days the petiole 
assumes its ultimate dimensions and the pupa attains the length of 
about 14 mm. The pupa is of a whitish pale colour, the mouth parts 
excepting mandibles, antennal joints, tarsal joints and petiole. ])eing 
white. A gradual change in the colouration of the pupa s(ds in and 
is first exhibited by the eyes, which assume a pinkish tinge 2 or 3 
days after pupation. This colour changes to dark red, then to 
slate colour and finally to black. The colour of the thorax also 
undergoes a gradual change. On the 7th day of pupation the li.ead 
and thorax tlown to the apex of the median segment and legs in parts 
become black excepting a medially interrupted line on the pro- 
tliorax and a line on the scutellum which are yellow. On the 8th day 
the abdomen also becomes black ; the whitish yellow or pale coloiu* 
of the remaining limbs of the pupa turns yellow on the llth day. 
Wings up to this stage remain undeveloped. In their placci are seen 
thick pads of delicate skin covering the rneso- and metapleuiui. 
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riie pupa, is covered by a thin transparent pellicle wliicli is 
cast oif on tlie lltli or 13tli day after pupation and the perfect vnsp 
with long graceful wings emerges. The wings are delicate but get 
harder as they dry. The wasp pierces the lu'own cocoon in whiclj 
It is encased and then removes the mud plug put on the top of the 
cell. A neat circular hole is formed and the wasp esea]x\s throuo-L 
it. "" 

Thus the whole life cycle occupies about four weeks. 

Egg stage ... ... ... lO-orn 1 to l' days. 

Larval „ (inehiding “ resting stage ”) .. 1 1 to la 

Pupal stage ... .. H 

Total ... From 2:5 to ilO day.s. 

Nests for the last brood are constructed in the middle of Octo- 
ber, the winter and the early part of spring lieiiig passed in hiber- 
nation, which takes place in the ' resting stage. ' Wasps emerge 
towards the end of the following March, and the cycle is commenced 
again. Thus beginning with April up to the middle of October 
this wasp runs through seven complete broods. 

In the middle of October 1910, I collected a nest containing 
about 10 cells from which four wasps and one Ichneumon parasite 
emerged m November 1910. On opening the remaining cells larvc^ 
were found hibernating in them. Wasps from tliese emerged in the 
last week of March 1911. During four years this was the only 
instance I came across in which half the inmates of a nest emerged 
at one time and the remaining half after five months. 

Enemies. following parasites have been rea,red from the 


cells of 

this species : — 


I. 

Chrysid wasp 

. . Chnjsis sp. near fiisclpennk. 

, . 11. 

Tachinid flies 

. , tSpecies undetermined. 

: III. 

Bombyliid flies 

.. Tlypemlonia sphjna- and 
rcmiwba distigma. 

IV. 

Mutillid ant 

. . Mutilla sp. near ‘ oglana.' 

V. 

Mordellkl licet h 

. . Bpecies undetermined. 

Vi. 

Ichneumon fly 


VIL 

Strepsiptera 
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I. Chrysid Parasite. 

Oh opening up a cell parasitised by No. .1, we get some dried 
spiders and below them at the bottom of the cell a larva or a pupa 
covered by a brownish tough cocoon. 

The Ghrysid larva attacks the Scelifhron larva ivhen the latter 
is a few days old. On finishing it up, it spins a cocoon inside which 
it rests for some days prior to pupating. On casting off the larval 
skin the pupa shows all the limbs of the perfect wasp and is of a 
pale yellow colour. Then gradual changes in the colouration of 
the pupa occur, as described above in the case of S. iriadraspatanum. 
The eyes show signs of change first. They become pinkish and this 
colour passing through successive intermediate stages of changes, 
turns ultimately black. The thorax and abdomen then develop some 
sordid pinkishness which changes to a greenish tinge. Day after 
day the hisect grows more and more green, golden green and blue 
in parts till the thin pellicle covering the pupa is gradually rolled 
up, and the perfect wasp piercing the cocoon emerges through the 
top of the cell. 

It will be interesting to note that Chrysid larvae go into hiber- 
nation at just about the same time as the Sceliphron larvae do, 
and the time of emergence of both is also nearly the same. 

II. Tachinid Flies. 

In the cell parasitised by No. 2 we find only dried limbs of 
spiders. There are also found either dirty white maggots tapering 
anterioi’ly or reddish brown cylindrical puparia which may be as 
many as six in a cell. 

So far 1 have not succeeded in getting eggs of the Tachinid fly 
in a cell, nor have I personally observed how these are laid inside 
it. On more than one occasion, however, I have found very young 
maggots in cells which had just been closed. 

These maggots are found generally (in freshly constructed cells) 
on the abdomen of that spider which lies at the bottom of a cell, and 
on which the wasp lays her egg. A freshly hatched maggot measures 
about 1 mm. in length, is dirty white, and tapers anteriorly, and is 
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truncate posteriorly. CTradually it increases in length and changes 
its colour clay after day, till it is^full-grown (9 inm. or more) and the 
colour becomes once again dirty white, after having gone through 
a series of changes, e.g., dirty white for first three days, dirty black 
on 4th, on 5th dirty brown, and then dirty rusty brown from above 
and sides wliite ; on the sixth day wliitislmess goes on increasing 
and brownish colour decreases proportionately, till on the 8th day 
whitishness spreads all over the body of the maggot. 

Usually on the 9th day aftei* hatching pupation takes place. 
The maggot becomes compact and decreases in length, the tapering 
end is drawn in telescopically and the whole long thick tapering 
mass turns into a small cylinder (a little curved inwards) — with ends 
rounded, of pale testaceous colour (which gradually changes to dark 
reddish brown afterwards), very smooth and shining. It is 5-5 min. 
long, 2-2 to 3 mm. broad. This is known as the ‘‘ piiparium ” and 
it encloses the true pupa. 

The pupal stage lasts from 10 to 12 days. The Tachinid fly 
does not possess the strong mandibles of a wasp to cut open a pas- 
sage through the puparium, but Nature has supplied this want with 
what is known as a “ Ptilinum."' This is an inflatable balloon-Iike 
organ capable of being thrust out through a frontal suture just above, 
the base of the antenna3. When the fly is about to emerge from the 
pupa case, this balloon expands and pushes off the end of the pupa- 
rium, thus making an exit for the fly to escape through. The fly 
on coming out is only able to wudk or hop, it cannot fly, for the wings 
are not expanded. When the Ptilinum resumes its original position 
inside the suture some moisture inwardly reaches the wdng pad, 
and the wuiigs, on being relaxed, open, if not otherwise damaged. 

1 collected a nest of Sceliphron nuidras-patanimi in the middle of 
October 1908 and kept it under observation in a glass-topped 
box. Wasps from this emerged on 28tli, 29th and SOtli March 1909. 
Still there were one or two cells out of which nothing had emerged. 
It w^'as surmised that either the w’-asp larvae had gone bad inside the 
cells or they had been parasitised. But Chrysid parasites had come 
out long ago, Bombyliids were still emerging (June 1909), though 
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not fioin Sceliphron yet horn Fseidayenia cells. 1 avhs surprised, 
liowever. to find a TacMnid fly emerging from the nest on 4tli Jiiiu'- 
] 909. This points to an important conclusion that Tachmids (para- 
sitic in. tlie ceils of Sceli/pkron mcdraspatmmm) dimug 

the whole of winter, spring, and a pai't of the hot weather also. 

One more interesting point in this connection. I should better 

([note it mtoim from my observation-book. 

.Last year (1908) when as many as half a dozen puparia Avcre 
(jbtained from a single cell of SceUphron ymdmsfatanum, 1 wondered 
how so many maggots could be nourished on one small wasp larva. 
This year (1909), on loth June, I removed a nest consisting of three 
cells : the third ceil was not yet closed. On the abdomen of a spider 
found at the bottom of one of these cells I got six Tachinid maggots 
just at the place where the wasp egg is ordinarily found. No trace, 
however, was left of the egg there. It must have been consumed by 
the maggots which having finished it were now eating into the 
abdomen of the spider. When this spider was finished I gave them 
another and thus they consumed 12 spiders one after another be- 
fore they ] 3 npated. This clears the whole point. Ihe Tachinid 
maggots live chiefly on the spiders placed in the Seel iphr on cells. 
The Tachinid, therefore, is a serious enemy of SceUphroit, for it 
proves destructive to its larva; in two ways, either by directly eating 
it up or by starving it, should it escape anyhow. 

in. Eyferaloma sphynx. 

1 have not yet been able to secure an egg or a larva of this fly. 
Only pupa; were found in the two nests from which were bred these 
flies, (,'onaequently I do not know anything about the egg-laying 
habit of this fly, nor can I give a description of its larva. 

Another Hypemlonia sp. (allied to the above species) has been 
found to l)p parasitic on Pseudagenia hlanda, a .Pompilid was}). 
Since both the resemble one another very much in the 

adult stage, it is quite probable that their larvae also agree. A Hy- 
peralonia larva parasitic on Pseiidagenia ^ been, descrilied in its 
proper place (p. 195). 
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Pw;/)«.---Leiig’tli. ll'o mm. The general colour is dirty yc^ilow. 
I,t has a brownish yellow covering (of harder shin) over the head 
and the followdng two segments of body (dorsal) and three segments 
(ventral). This covering bears eight sharp spines arranged in three 
rows 

(rt) Two in the 1st row (on the ventral side). 

(b) Eour in the 2nd row (in front). 

(c) Two in the 3rd row (in front, just above those of the 2nd 

row). 

On all the segments above the 2 :e are minuter but sharper spines 
pointing backwards, and their apex slightly curvecV upwards. These 
spines are longer and finer on segments 4, 5 and 6 (reckoned from 
headside) than on any other. The last segment also has two 
spines pointing backwards and curved slightly upwards. There 
are long rather stiff hairs on the body (fig. 8). 



Firj. 8 . Pupa op Hypjbiialonia sphyxx showing spines. 

The pupa is broadest in the middle, gradually narrowing pos- 
teriorly. It is found inside the brown cocoon in which the full-grown 
wasp larva i-ests before pupating, inside this cocoon nothing is left 
of the wasp larva excepting the haivlened black excrement dis- 
(diarged by the full-grown larva prior to abandoning its active life. 

When the Bombyliid fly is about to emerge the pupa makes a 
hole in the mud nest by means of the sharp spines with w^hich it is 
provided anteriorly, wriggles out a little, and fixes itself there by 
moans of the sliarp and backwardly pointing spines with which its 
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body is funushed. The pupa sldu bufsts aad the Ay '“‘J' 

iiijy l)eliin(l the eivipty pupa skin projecting out lom 
(thg. 9). 


Fi<i. 9. • PurA SKINS OF Hvpbkalonia sphynx in nest of 
SCRUPHHON MAURASPATANOM x2(r. I. L-) 

Argyramceha distlg 7 }KL~~T\m fly was bred once in August 1908. 
and again in March 1909 from the hibernating larvfe of Sceliflifon 
7}iadrcisp(ttanu7n. Its mode of emergence from the nest is exactly 
the same as described above in the case of Hyperalonia, 

lY. Mutillkl Wasp, Stenmnutilla oglana, Cam. 

These wasps were reared from the cells of S. madmspatmimn 
twice (i) in x\ugust 1908 and (ii) in September and October 1908. 
Unfortunately only males emerged on both occasions. 

V. From a nest collected in September 1909 from a hole in the 
trunk of an old Pipal (Ficas religiosa) tree was bred a Mordellid 
beetle (species undetermined). 

VI. An Ichneumon exactly similar to the species bred on Pseu- 
dagenia clijpeata Bingh. was reared from the cells collected in Octo- 
ber 1910. 

YII. At Pusa up till 1910 Polistes hebmiis, F., alone had been 
found infested with Strepsiptera, but in March 1910 when Sceli- 
phron wasps emerged after completing their hibernation period they 
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also were found to carry in their alxloiuen male piiptu of indivi- 
duals belonging to tiiis ordei*. Several attempts were made to 
rear them to adults but with no good results. The difficulty is to 
keep the Scelrphron living in confinement for a sufficiently long time 
to enable the parasites to emerge. The wa,sp dies soon and the para- 
site, failing to get the requisite amount of moisture from the dead 
body, follows suit. 

Economic. — An insect may l.)e : — 

I. Useful, 
n. Beneficial. 

HI. Injurious. 

I. It is useful if it p»rodiices a thing which is of some economic 
value ; e.g., Silkworms, Lac Insects, etc. 

II. It is beneficial if it destroys our insect enemies, e.f/,, Para- 
sites, Predaceous insects, etc. 

III. It is injurious if it destroys things or insects useful or 
beneficial to us, e.g. — [a) Caterpillars damaging cultivated crops ; 
(5) Caterpillars of Eublemma which feed on Tacimrdia laccg, etc. 

Let iis examine Sceliphmn maclras^Mtamim to ascertain to which 
of the above noted three classes it belongs. Does it produce any- 
thing which is of any economic utihty ? No ; it is, therefore, not a 
useful insect. What does it destroy ? Spiders. Are spiders our 
friends or enemies ? I do not pretend to know much or anything 
about Arachnids. It is, therefore, a very difficult task for me to 
definitely put dowm whether the spiders found in the cell of Sceli- 
pliTon madmspatmium are beneficial or injurious to us from an econo- 
mic standpoint. Casual observations and daily experience tell us 
that spiders are generally predaceous on insects. On the one hand, 
we find the common flies, which are a nuisance in our houses during 
hot weather, and small moths, caterpillars, which damage our crops 
considerably, entangled in the spiders' webs ; on the other hand, we 
witness small Hymenoptera and Tachinid parasites struggling for 
life in the clutches of spiders. In one case we find our enemies des- 
troyed, in the other our friends. It is, therefore, a still more difficult 
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<liiestioii to decide whether spiders do greater good l)y lesseiiiiig 
the uuiiilier of hies nnd other insects iiijiirious io ns. or a.i*e prodne- 
tivc of greatcM; iiarni by Idlliiig our friends. On n satisfactorv 
onswei’ to this rpiestion depends the solution of the main problem. 
If it is found that spiders do us greater harm than gooch the 
Sceli]ihron is decidedly then a beneficial wasp. But one,, who is 
well conversant with the habits of spiders, can alone opine on this 
niattm* defmitely and ivliabty 

What cominonsense tells us is that l)ig predaceous beetles, 
Reduviid iiugs, wa,sps, parasites and dragon flies, etc., are never scon 
in a spider web, for their weight alone in some cases is sufficient 
to ruin the whole elaborate construction. It is, therefore, as a rule, 
only small insects which fall a prey to these spiders. Amongst 
them may be counted, moths, minute Hymenoptera, Diptera, etc. 
Of these, moths are- generally injurious, Hymenoptera generally bene- 
ficial, Diptera both beneficial and injurious. Again, parasites are 
never so abundant as other insects ; consequently out of the insects 
found in spider-webs a comparatively very much larger number should 
be of insects other than parasites ; and daily experience confirms 
this conclusion. Generally speaking, therefore, spiders kill insects 
which are injurious to us, and are thus *' beneficial’ Sceliphron 
wasps which store spiders in their nests are, therefore, ‘ Injurious 
insects.’ 

Geneml—A strange behef is current in the Punjab regarding 
this wasp. People there think that it possesses the miraculous 
power of imparting its shape and colour to other ‘insects.’ 
Ignorance of Entomology justifies them in their belief. They say, 
what they occasionally see. They notice a yellow and Uach wasp 
bringing spiders and storing them np in mud cells which are closed 
afterwards. After the lapse of a month or so, they find more than 
one yellow and black wasp emerging out of • the same mud nest. 
They do not know exactly what happens inside the cells. They only 
think that spiders having passed some weeks in confinement in the 
mud nest undergo a complete change in form and colour, under the 
influence of the wasp. 
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\ caiiiiot lieli) (juotiiig from my note-book one oh.s(‘i‘vat am whiclt 
is not very eomplimeiitary to this intellectnai wasp. 

’■ 1 was once watching a Scelipkron mmlmspatamnu construct- 
ing a nest against a window. One cell was comjrleted and another 
started f)y its sidt^ : spiders were stored in it and the* final ping to 
clos(‘ the to]) opening was put in. The wasp then conunenced putting 
initd pellets on the cells: fliiring her a])scnce 1 scraped oh the two 
cells. The wasp returned as usual -with mud and placed it on the 
traces of tlui cells left behind on the window. The wasp continued 
throwing mud pellets tvith the usual earnestness till the portion 
once occupied hy the cells was completely covered over with mud. 

Did the Sceliphrons eyes deceive her or does she blindly fol- 
low a ■ set rotitine ’ from the raising of the ceil to the throwing 
of the mud pellets, I cannot venture to guess ? However, it is an 
observation, worth recording. ‘ - 

On 2nd April 1911, 1 removed from a wall a nest of tllis wasp, 
all the cells of which contained hibernating larva?, excepting one 
winch had freshly paralysed spiders stored in it. This cell was placed 
at right angles to the remaining ones and was evidently constructed 
only a few dap prior to my removing the nest. On the spider at 
the bottom of the cell was found a two days’ old larva. Naturally 
the colour of the mud used in the construction of both, the ue,st anil 
the cell, could not be the same. That of the former wa.s lighter than 
that of the latter. But the difference in colour was noticeable oulv 
from the inside, ie., the side which was against the wall. Exter- 
nally the cell appeared to be a part of the same nest, and no one 
could nnagme that it wa,s added some months after the ne,Ht was 
constructed, for the wasp had put mud pellets not only on her own 
cell but also on the ne,st. Different conclusions can be drawn from 
tliLs incidence according as we may view the wasp\s action. We 
may take her to be endowed witli wonderful instinct ’ thinkmo- 
that she took special care to blend her cell with the nest so skilfully 
as to deceive human eyes, or we may call her a stupid wurs]) consider- 
ing that she simply wasted her energy in throwing mud pellets on a 
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Host wliidi was aftei: all Jiot her otvii, aii.l to vvhioli slio had a.ldial 

only a, siligie cell. ■ , 

' aiu])ty coils ill tile nest of ticdiq>Jmm inadraspaianinn iDive ixvn 
<.|,s«rv..,l .in aovemi ocoasions to bo, inhalHtal by tl.o huv.o o1 .SVr/,- 
■nlmw. rhim-mm, MegaMe lamU, aai.l 0(%«an/s ,».«<•/ hho 

,1 Ciiu fully endorse Horne's observation that no lord attacks 
tliis wasii ; stomachs of hundi:ed.s of binls wen? opwiod and examined 
in oui- laboratory, but the body of this wasp was never f.amd in any 
nf tlieilL 

Bcelvidiron coffMUimdelicMW 

Bcebiqdwon coroniwnddimm is lai-ger in siz(* llinii Bcdiplmm 
waclmspatmumi and consequently the mud ci'lls ol tlie lormer aiv 
longer and Avider than those of the latter, i he egg. l.uva, and pupa, 
of coromandeUcum are also proportionately larger in size tlnin those 
of madmspcdmmm., and even the spiders stored liy tlit^ former in its 
f;elis are bigger in size than those found in the cells of tlie latter-. 
Tlie following measurements will clearly show this poiiiii :~ 

S. madvaspataBiim. 

Length ol eNi .nteinaliy i ... .. 27 to SO inni 

Witilh across ... ... - 0 mm. 

Esi" ... .. ... about mm. long 

Kull-gi'owu larvM .. ... about 14 imn. 

rum* .. .. }' ... ■■ l‘rtol4mm, 

Sites selected by this species for nest-making are visually doors, 
windows, walls, and .hollo Avs of trees. It appears that this wasp 
takes great pains in selecting a really good and Aveil prote.ctt^d site tor 
this purpose. I have seen scores of these nests inside hollows oi 
trees hut iieAmr come across a single instance in whi<‘.h, tin', nest Avas 
built in a place exposed to rain or moisture. With a, peculiar in- 
terest I used to watch; such trees as had in them several sheltiired 
recesses aiid was always striiok with, admiration to noticf' all tin*, 
recesses watered, after a heavy shower of rain, exce])tin.g those occu- 
pied by the nests of this Avasp. A single nest may {n)iita;iu from 
one to eigliteeu or more cells, and Avhen finished it; is comph'rr'.ly 


S. coi'omiViulcliciuu. 

:1U to ill! nun. 
t) mui. 

ubout :5-'l to -1: mm. lo'iig. 
about VS t.o lU mm. 
about 17 to 1.8 mm. 
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over witli niiK.I. SceliphuonV. tiu-owiiig niiul pellets ou a nest 
Is alw'e.ys ;i snr-e iiidicatioii of tlie fact that no more cells arc' to !)e 
added. . 

T’lie }ife~h;i.stO];v of this wasp is exa.ctlv similar to that of f^crJi- 
‘pJurni inadraspatnyhtiiii, and iie<ai not he Tef)eHte(i hei’t' hi p.rfc’iiso, 
Brielly it is ijs follows : — 

Tin.' egg is laid, on the first spider brought into the cell. The 
egg is 8-4 to 4 nini. long and iimiriably hatches on the following day. 
The young laiu'a on. ta)iisni,ning the spider on which it finds itself 
attacks the next spider a bove it, and this is continued till all the 
spide.rs stored by tlie inotl.ier wasp are exhausted in a week’s time. 
The larva is fid [-grown then and measures about 18 to 19 mm. It 
spins a cocoon within which it rests from 3 to 5 days prior to pupation. 
On the 12th day after pupation the thin pellicle covering the pupa 
is cast and the wasp emerges. The peiiod from egg to perfect wasp 
is about 4 weeks. 

Enemies . — From the cells of this species have been bred the 
following parasites ; — 

(i) Chrysid wasps, 

(1) Ohrysis fusGifennis. 

,(2) Chrysis sp. 

(ii) Tachinid tlies. 

( Species undetermined. ) 

(id') Strepsiptera. 

It is not necessary to repeat here what has already been said 
respecting the a Ijove -mentioned parasites under Bcelipkrovi madms- 
pataniu}}. Ihit one interesting point is worth recording. 

(.)n 9th .lugnst 1908 I scraped off a Goromandeliciifn nest, 
consisting of four cells. l.t was found on examiiiation that from 
two of the cells perfect wasps had already flown out, and that the re- 
maining two were still closed . The '' lids '' of these cells were removed, 
and big, partly dried spiders were seen inside, a fact which assured 
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nest wJ.id, Avas aftco- all not her own, aiRl to Nvb«-li she lanl a..l<lial 

Old V a, single ceil. , 

Kiupty coils ill the nest of Seeliyhmi. mudni!<])alaiimn lm\ o .icon 
.lijsorvod on several occasions to be inhabited by tlie lame ol I't'ca 
jdifmi rMuf-ciini, AkrjmMc ImmtcL and pimclmii.^ 

1 can fiillv ciidoi-se Horne's observation that no bird attacks 
i Ids wasp ; stornaehs of hundreds of birds were opened and examined 
ill our laboratory, but the body of this was)) was never found ni any 
of tlieni. 

Sceli/phron comnaHcld'ictrtn (Lepel). 

Scelrphron coroniandelimni is larger in size tliaii dcdipluoii 
ynaxhaspafaninn and consequently the mud cells of the fonuer aiv 
longer and \Yider than those of the latter. The egg, larva, and inipa, 
of coromanddkinn are also irroportionately larger in size than those 
of mcdmspatcmiwh arid even the spiders stored, by the former m its 
ceils are lugger in size than those found in the ceils of the latter'. 
The follo\ying measiireinents will clearly show this point 

S. maclvaspatanum. 

Length oi crfil-uxtfi'iudlY ... .. 27 to 30 mrn. 

Wiiith across .. ••• 0 min- 

... ... ... about H mm. long 

F.ulhgrowii lan-a ... ... ... about M mm. 

I'tusa ’■ .. .. 13 to 14. mm. 

Sites selected by this species for nest-making arc usnally doors, 
windows, walls, and hollows of trees. It appears that this wasp 
takes great pains in selecting a really good and well protected, site foi' 
this purpose. I have seen scores of these nests inside lioliows of 
trees but never (jome across a single instance in width i\n) luhst was „ 
built in a place exposed to rain or moisture. AVith a, pcMudiar in- 
tervst 1 used to watch such trees as had in them several s,h(ilir*.r«i(l 
rticesses and was always struck with admiration t(.) notice, ail tin', 
recesses watered, after a heavy shower of rain, excepting those occu - 
pied by the nests of this wasp. A single nest may contain from 
one to eighteen or more cells, and when finished it is compl('.t(.;ly 


S. coi'Onuiudeliiium. 

30 l;o 33 HUM. 

!) rnm. 

about 3- 1 to 4 mm. long, 
about IS to ID mm. 
about 17 to 18 mm. 
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(;ov(M;e<i. over wit li jdikI. 8ccli.phroii\s throwing mud pellets oii u nest 
IS tihvciys Ji sure iiiflictdioi], of the hiet tluit no more cells iiri' to he 
added. 

The life-history of this wasj) is (!xa<*tly similar to that of ^celi- 
■/)hron mxdm^miammi, a, ml need not. ho repeated here in er/eres'o. 
liriefly it is as follows 

Tlie egg is laid on the first spider brought into the cell. The 
(^gg IS :-J-4 to 4 mni. long and invariably hatches on the following day. 
'The young larva on consuming the spider on which it finds itself 
a.ttaclc.s tlie next spider a,bove it, and this is continued till all the 
spiders stored by the mother wasp are exhausted in a week’s time. 
The lar\’a, is full-growni then and measures about 18 to 19 mm. It 
spins a (‘0(30011, within which it rests from 3 to 5 days prior to pupation. 
h)n tlui J2tli, day after pupation tlie thin pellicle covering the pupa 
IS cast and t:he wasp emerges. The pei‘iod from egg to perfect was]) 
is about 4 weeks. 

lineniies.~Bmm the cells of this species have been bred the 
following parasites : 

(i) Ghrysid wasps. 

(1) Ghrysis juscifennis. 

(2) Ghrysis sp. 

{ii) I'achinid flies. 


(Species undetermined.) 

{Hi) Strepsiptera. 

It is not, necessary to repeat here what has already been said 
res[)ecting the above-naaitioned parasites under SceUphron madras- 
pakiniini. Ihit one interesting point is worth recording. 

On fltl). August 1908 I scraped off a coromandelicimi nest, 
consisting of four ceils. It was found on examination that from 
two of the cells perfect wasps had already flown out, and that the re- 
maining two were still (3losed. The lids of these cells were removed, 
a.n(l big, jiartly dried spiders were seen inside, a fact whicli assured 
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me of tlie presence of some parasites in tliein. I loniid at t ii(3 liot,- 
tom of each cell, covered by a brown cocoon, a, bill-grown Ibrysid 
larva. In due course of time from, one cell emerged (on 2()th August 
1908), a Chrysid wasp, but the pupa in the other did not even rea,ch 
the stage of changing colour. Seven days afterwards (on 27th August 
1908) a Chalcid (Prelmifus sf. ?) came out, piercing the cocoon from 
above. On examining the parasitised pupa of the Chrysid wasp 1 
found a thin brownish yellow cocoon of the Chalcid attached to 
the median segment of the wasp pupa. Tliis is an example ol tlie 
phenomenon known as ‘‘ Hyperparasitism. ” 

Again, in October 1908, I took a large nest of this sp(‘cies con- 
sisting of 12 cells from a hollow in an old tree. Almost all the cells 
were found opened, the perfect wasp,s had long emerged : still tliere 
were a few cells closed. It seemed evident either that there were 
parasites inside them or that something had gone wj’ong with the 
larvae or pupae inside. I opened these cells one aftei* anothei' and 
found in some dried, in others lotten larvin op pupai, but from oiu' 
I obtained a green Chalcid parasite (dried up, of course), similai* 
to one I had already reared from the cells of this species (on 27th 
August 1908). This parasite bears a striking resemblances to a 
Chrysid wasp and can only he distinguished fi’om it after a close and 
careful examination. 

The life history of the Tachinid parasites has been dealt 
with previously, hut it is an interesting point how the flies emerge 
from the clay cells of this wasp. Tachinid hies are not jirovided 
with strong mandibles of a wasp to cut a passage through the hard 
walls of a mud cell. Consecpiently, the eniei'gence of these flies 
from clay cells was a (piestion worth studyiug. .!. made scv(.‘ral 
observations on this subject, which I need not detail bei.*e at any 
length. I simply note down the conclusions arrived at. 

As described elsewhere (under S. madmsfatanum) l.'achinid 
maggots taper towards the head end. This end is naturally V(u.'y 
sharp. When these maggots are three days old, they display a, 
voracious appetite and in search of food knock about inside (*Ja,y 
cells (or glass crucibles when taken out of clay ceils for observa- 
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tion sake), tlrrustiiig the tapering sharp end into the walls. 
These gentle but persistent strokes of the tapering end work 
like a drill, and in the case of the common wall of the two adjoiii- 
hig cells, one or tavo holes may be bored through. 

J^ext, consider the size and position of these holes. (1) Sup- 
pose the holes are small (smaller compared to the rotundity of the 
maggots) and bored by nearly full-growm maggots, rather high up in a 
ceil ; the maggots in such a case cannot get into the next cell. They 
will pupate, therefore, in their own cell, and, in due course, hies whll 
emerge. If the adjoining cell be einj^ty, as generally is the case 
(the perfect wasp having flown out), the Tachinid flies will get into 
it through the ' communicating door' (de., holes bored in the com- 
mon wall in the maggot stage) and escape through the passage cut 
open by the wasp. If not empty, it must’*' contain a wasp pupa in a 
very advanced stage, nearly filling the whole of the cell Flies will 
in that case remain in their own cell till the time the perfect w’-asp 
emerges, leaving a free passage behind for the flies to get out. In 
case the flies are required to wait longer than a couple of days, they 
invariably perish inside their cells ; and it is due to this fact, there- 
fore, that we sometimes find dead and dried specimens of these flies 
on breaking up some mud nests. (2) Suppose the holes made are 
so big and so situated as to admit of the maggots sliding through 
into the adjoining cell. Maggots will decidedly in such a case 
get into the next cell and eat up the wasp larva or pupa. Should 
it not satiate them they would work their way into the next adjoin- 
ing cell till their hunger is appeased. Their emergence wdll, of 
course, depend on the circumstances detailed above.j 

Economic. — I have nothing more to add to what has been said in 
this connection under SceUphron madmspatcmim. The same 
remarks apply here also. 

Geyieral.—l. Empty nests of this wuisp have been found to be 
inhabited by Pom,pilicl wskSipB—Pseudagefbia sp. Observations on 
this subject appear under Pseudagenia. 

* Uecanse Iheye Tachiiikls ami Sccli pi irons take nearly the same time to develop I'roni tin; 
eyg to imago. * 

■f In this couuocLinu s-eo also p. i;lS. 
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2. A linisliecl nest of this spcdes is veiy iniieh like i hai of ^Vr//.- 
phron madrasyatanim, excepting tiiat the nest ol (lie lornK'i* is biggvi' 
ill size than that of the latter. By a ' linished nest 1 nieati a la'si 
to which no more- cells are to lie added, and one whicli is eoniph'.fe.ly 
covered over ivith mud. 

Nests of these two species in the unfinished state ari* (juite dis- 
tinct and can be distinguished from each other without niucli dilli- 
culty. .Beautiful lidges are seen across tlie cidls of both tlie species. 
These run more or less obliquely (only slight.ly (Uirved dowiiwards) 
in the case of wroinamleliciim, but the cui’Vi' runs into an angle iK'ar 
the middle in the case of niadraspafatuijti (]-*late Alii. higs. 7 A <S)."' 

Borne time in October 1908. I (‘ollected b(>autifu! clay <a‘.lls (all 
arranged in one line), which wer(' decidedly of some. Scclrplnwi 
species : with the aid of the above-mentioned tt‘.st, 1 (•oiild put tlimn 
down as those of Sceliphron aoronimulelicuw . In the previous April 
1 had collected a nest, containing IS (jells, all arranged in one line, 
but unfortunately all the cells were empty : 1 therefori' could not Hud 
out definitely what species had constrimtcd tli<‘ cells, 'hhe cedis 
collected in October were exactly similar in general sliap(' and striu'-- 
tiire to those found in April, and since the fornun’ were yei inhabited 
there was evmry hope of knowing the spiuneson the euu'rgenct' of tlu' 
perfect wasps from these cells. 1 had to wait till 2jid vVpril J!H>9. 
when Sceliphron corommidelicum l.)egan to enurrge one by o.ne from 
the cells. Now Sceliphron coronumdeliciim .nev('r phua's all her cells 
in one Inie. No doubt at first she juakes tlmee, four or li\a' cells 
in a line, and then two, three or four {*ells (as the case may be). a,r(‘ 
placed over them, and then another layer of one or two cells succeeds 
till at last the whole constructiou is e(rvere.(l over with mud : but as 
many as eighteen cells are newer placed in one line ; as found in llu' 
ease of the nest obtained in April 1908. (joroniandAicnm. comnumces 
nest-making in April each year, the enqdy nest of April 1908. 
therehme must have been constructed in tluj middh' of the prf^vious 
October, when the iiest-makiiig for the liilKU'Jia ting brood is started. 
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Tliii.s 1 got two Jiest:--!, agreeing witli eacli otiier in general ^iiuipe, 
str!ietnr(,‘ and the ajTtingeinent of ceils, and whicii were I'-oth catii- 
striiotcd in tJie wan in month of different years. From th('se facts 
it inay be concluded that the cells or Sceliphroit, rjiroiyiaitddic^hu.. 
hiriit late in antiimn, are sometimes (not always) ])laced in the 
afiove- mentioned way, i.e., all in one line. 

I cajinot/ assei't tliis point with. a,]iy f(;.n,‘e til! i secure more such 
nests, ('itlu'.r late in autumn or any time from winter to tlu'. ailvent' 
of the ensuing sjnh.ig. 


Sceli'plyron hilinmtimi (Bmith). 

This wasp, until lOOcS, was recorded from VVesteni Indiri. alone, 
in that ycaii' was obtained from Pnsa, in the North-East 
part of India. 


In general appearance and colour it looks very much like the 
common miid-d aiiber, Sceliphron mad/raspatmi/um, and especiuJly 
when in flight it is not easy to distinguish one from the other. 

S. bilineaM'in has more yellow colour on tiie body than madras- 
patanum. The sides of the median segment and a conspicuous spot 
on. the segment succeeding the petiole are 
yellow in the former, but black in the 
latter. 

Both construct mud cells and store spiders 
in them, but in the nest-making habit they r;;;::/ 

diffei.* widely. The cell of madmspatanum 
is semi-cylindrical, while that oi hilineatiim 
is long, oval, being broadest in the middle | 

(.Fig, 10). In the case of the former it is /d 

(.‘.utirely fixed from top to bottom against a > 

wall, while in that of the latter only the 
bottom is fixed, and the rest of it raised at " 

a,n acute angle. The former constructs cells 
in juxtaposition and completely covers them 
all afterwards with mud ; the latter erects 


FlO. K) —S( HI,ll‘ilUnK 
UlLINHATlJAl ('Hl.l,. (J. t 1,,^ 
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them singly and finishes them hy filling np furrows lietween the 
ridges on the surface of the cells mtli mud and smoothing tlic whole' 
cell from outside as a mason does a wall with a trowel (Fig. lOa), 


Fig. lOcT.—SCBLIPlIKON BILINBATUM CELLS ON THE TOP OV A BOOKSilLLF. 

The full-grown larvse of both spin brown cocoons in which they 
pupate, but the cocoon of hilineatum is lighter in colour and more 
delicate than that of madrasyatanum. 

With the few exceptions mentioned above Scelipkmn' hiUneahou 
behaves in other respects exactly in the same way as madimpafa- 
mmi. 

The egg is laid on the first spider brought into a cell ; the larva 
on hatching commences to feed on the spiders stored by the mother 
wasp ; when full-grown it spins a, cocoon in which it pupates. With 
the discharge of excrement (in the cocoon) the larva loses its active 
life and then follows a period of rest. The larval skin is cast oif 
and a whitish pale pupa having all the limbs of the perfect wasp 
appears. Gradual changes in the (;olouration of the pupa then set 
in, till the colour of the perfect wasp is 
assumed. The thin pellicle covering the pupa 
course of time, and the perfect 
(Kg- 11) emerges through an o])ening 

// -fi ""x made at the top of the cell. 

^ \ The life cycle of this species also is coju- 

X '' \ pleted in about the same time, /.c.. foiii* weeks. 

Fig. 11 --SfKLfi'jiKdN Another point of interest in this specie's 

lilLTNlCATUM. (T. I. L.) . . i i • 7 

wiiicii we find in madms'mtmiHUi and corn- 
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mcmdekcum also, is that tlic mother wasp always constructs a cell, 
the capacity of which, is just sufficient to hold that immbei.’ of 
spiders which is .necessary for the full growth, of the larva; its 
length is always a little more than the length of the cocoon to 
1)0 spun ])y the full-grown larva. The full-grown larva, in turn, 
spins a cocoon which is just a little longer than the would-be 
matine pupa, plus the length of excrement to be deposited at the 
bottom of the cocoon. The underiioted measurements will clear 
this point — 


Length o£ a cell ia about 

„ „ cocoon is about 

„ ,. pupa is about 

,, ,, excrement is about 


-Two parasites have been reared from the cells ol' 


20 mm. 
15 mm. 
3 mm. 


Enemies- 
this species. 

(i). Chrysid {Chrysis sp.). 

(w)- Tachinid flies (Species undetermined). 

1 have nothing more to add here to what has already been said 
concerning tlie above parasites under Sceliphron mcfdrcispcttanimi 
and S. csromandeUcum ; excepting the following observation which 
seems necessary. 

Since the cells of this species are constructed singly, and there 
is no superfluous cpiantity of mud thrown over them to disguise 
their shape, the walls of these cells are very thin. Consequently 
the holes bored by the full-grown Tachinid maggots into the sides 
of the cells serve as so many openings for the flies to escape through. 


Sceliphron violaceimi (.Fabr.). 

Wasps of this species are very pretty, and can be readily dis- 
tinguished from other species belonging to this genus by their con- 
spicuous cobalt-blue colour. 

The female does not construct mud cells as do othei* species 
of tliis genus, but always takes advantage of ready-made holes in 
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,{;r.s and lays <--ggiS- These holes ai:e suliscajueid- 
‘Xiicdiv mud, but juud mixed witli mortal* and 


di she stores sp 
■losed with not- 


In ail < 1 ( 1(1 and (-(iieer lioles. siicdi as in walls, doors, windows, 
bedsteads, liamboos. barrels of rifles, etc., nests of this species ar(^ 
to l.)(^ .s(*en. In short, wlierever she linds an empty convenient hole 
sh(‘ i.itili;if‘s tlial for Inn* iiest. Once 1 found a cell in tJie central 
(•vliiulrical apertiir(‘ of a common wooden bobbin. At another time 
fimn a long desei'ted iKist of SndlphroH }Mtdmspai(Ui.iiih 1 got two 
piipie of this wasp. 1 was puzzled a little in the beginning, but in tin* 
(picer nesting ha, bit of this wasp (of ocoiipying empty holes) 1 loimd 
the soUitinn. A few days later I actually saw a Scrhjdiron viola- 
ream entering into an einjity cell in the nest of Srelip/iroa, madvaapa.- 
faaum. Idiit the question of Scdipliron molaoewm occupying cm ply 
cells in Scdiphron madmspatanum, nest was definitely decided. 


From this cocoon emerged a Sceliphron violaoeM.m. on lUtli 
September 1908. 
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Moriie. recurcls soirie ohservatioim regarding this .s|)eei('>s undej- 
tijeiuiinenf Frdopajus bemjaleHsis in tlie Trans. Zool. (Society Vdl 
(1870), p. 103. The sketcli (PI. XXJ, Pig. 2) Avhieii accompanies 
his account apja-aj’s to me to he the nest of Hcdipltron madmspata- 
luiin rather than that of this species. H<‘ says that “ the cells are. 
placed side hy sid(^ in great numhers. say twelve or fourteen, and so 
well co'.au'cd over with mud as to f)e almost nnobscn-vable " : hut at 
Tusa, 1 iiav(‘ never seen this wasp constructing an eiitii‘(‘ separat<‘ 
iK'st. All that sh{‘ does iii the way of construction is the })utting 
on of ' caj)S * ovcw desej-ted or empty cells of otlier minhnest- 
making wasj)s whic.h are a.pj)ropria,ted l.)\' her. It is very unlikely 
that this wasp should have an altogetlier different jiesting habit 
outside Piisa-. There are oidy two possibilities ; eithei' that Horne 
collected an appropriated nest of Sc^Upltron wuuimspatammi on 
tlie emergence of his bengalensk fi’om the cells mistook the nest as 
l)elonging to the latter species o;i' that the wasp has :i;eformed and 
learnt to be more economical since the time of Horne's observations 
over 40 years ago. 

This liabit in some insects of appropriating empty or deserted 
nests or cells of other wasps always leads to faulty conclusions. 
In the first place, nests a.re associated with insects which never con- 
structed them. Secondly, when the nests are known to belong to a 
species other than the one whicli has emerged from the cells, the 
latter is by inistake considered to be pai'asitic on the former. I 
remember an instance of this sort of inistake. A student in our 
laboratoiry once brought to me examples of Megachile lanata (F.), 
which he asserted were parasitic on Eumenes conica (F.), solely on the 
ground, that he reiired them from the cells of the latter. Needless 
to say that it was a clear case of appropriation of empty cells. 

l:lesides Sceliphron violacemn the following have been reared 
by m(.‘ fr(,)m nests which originally belonged to other wasps 

[iisuci.'s Un'd. Nests from whicli bred. 

I. PxL.atltt(iiniia (•lijpmtif. ISirigh. ... ... SeiMphron ctyi'fliiuittdtiliimiii (V j. 

•2. sp. {virndeiitiibKl, probulily iiew) ... jiuulritii/uiiaiinw ( V). 

:i. Alqinr.hile lauiiUi. (\>') ... ... Phnn/tne-s nmir-a { V). 

!. (Jdijnenu pu!un.iiiii ... ... __ SotddpJtron nuulm.yuftcmwm {V ). 


IJFE HISTORIES OF INDIAN INSECTS (IIYMBNOPTBRA). 


22 G 

it may be pointed out Iiere that while ScelvpJwou vlolaceiDii (h) 
simply ■ caps ' tlie cellS; the Pseiidagenla spp. and Megacliile {re- 
ferred to above) make their own cells inside tlie cavities. The 
Pseudagehla sp. had made four cells inside a single cell of Sceliphnni 
imidmspatmmn (F). 

(ten us Sphex. 

Sphex lobatm, P. 

This is one of the commonest wasps found at Fusa. Its large 
size, charming metallic green colour with golden rosy tints, and 
graceful flight at once distinguish it from other Vv'asps. 

The female wasp (Fig. 12) is generally seen digging up cricket- 
burrows in fields and meadows from April to August. The cricked'- 

is driven out of the burrow, 
caught, stung and paralysed. 
It is then removed by the wasp 
to her nest, but what follows 
has not been observed. Prob- 
ably an egg is laid, and the larva 
feeds on it. When the whole 
supply of crickets is consumed, 
the larva pupates and indue 
course of time the perfect wasp 
emerges. 

EcouomlG,--Tlm wasp preys upon one particular species of 
(Tiyllid — BmcJifjtrjfpes achatinus, Stoll., which is a pest of Lucerne. 
Indigo and Tobacco in Bihar. It is therefore certainly a bem.'.- 
flcial insect inasmuch as it checks the spread of an injurious one. 

In Bengal ladies make a charming use of the delightfully bill- 
liant skin of this wasp. Circular discs neatly cut out of its body 
are fixed in the centre of the forehead by way of ornamental decom- 
tion. The wasp is known there by the impular name of '• Kancb 
poka, or the Golden Insect.” 
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Am/pulex compressa. (Fabv). (Fig. 13). 

The Jiabits of this wasp have ])eeii described in " Indian Inseer 
Life*’ at pages 207-208. .1 have nothing more to add save 

that these wasps sometimes frecpient oiii* 
houses in search of the big household cock- 
I'oacli, — PeriplmieM mnericana. On several 
occasions I have seen this cockroach being 
dragged up a wall by this little active 
wasp, not in the way a. paralysed cricket 
is taken by Notogonia syhtessellata (Sm.) 
but like a truant moving schoolwards with 
umrilling steps when dragged by superior 
force. The cricket makes no effort to move 
and is simply dragged like a mere corpse, 
but the cockroach walks on its own legs. 

.r, „ „ , . , - , . Fl«. 1.3.—AMPULEX COMPRESSA. 

It follows from this that the latter is not (r. i. l.) 

so completely paralysed as the former, or in other words, the 
cockroach is not stung in all the nerve centres ; consequently, 
movement of limbs, though a little restrained, is still allowed it. 1 
should think this action of the wasp deliberate. ; and it displays 
very well her intelligence. She realizes fully, it appears, the diffi- 
culty she will have to encounter in removing such a heavy load 
from ground to the top of a house if the cockroach were deprived 
of its locomotion. Now she simply pulls at an antenna and the big 
cockroach moves on heavily, although much against its inclination. 
This concession (partial movements of limbs) so dangerous after- 
wards to the wasp egg and yoimg larva,, is not permitted longer than 
necessary. The wasp takes care to bite off all such limbs as legs, 
wings, etc., before laying up the cockroach in the nest as provision 
for the young. 

Economic . — Cockroaches chiefly live on dead and decaying 
animal and vegetable matter, and as such are good scavengers, but 
when found in houses in large numbers they are a regular nuisance. 
Ampulex cmnpressa in checking their spread is decidedly beneficial. 
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St/igmiis am^grum 
and 

Sf/lgmus niger, Motsh. 

Those fiiiv t,)la(dv wasps haA^e been observed carrying away 
Aphides, wiiicli they probably store in their nest as provisions foi* 
the yuiiiig. An enormous quantity of sap is extracted by Aphides 
from ])isnts winch i.hey i)ifest, and which, consequently, look 
nnliealtliy and witlier away i^teinaturely. These wasps prove n, 
natural check on them, and are, therefore, beneheial. One of my 
tlowering plants was once badly coyered with a yellow sptH-ies of 
Aphis, but lady-bird beetles and these wasps appeared in time to 
clear it of the pest and thus sayed it from the inevitable decay. 

Bmibex orientalis, liandl. 

Bembex orientalis, Handl., is the connnonest wasp of this genus 
found at Pusa. It nests in soft sandy soil not far from river banks. 
The entrance to a nest is more or less a transverse slit. In May 
1909 I dug up several nests but from none of tliese did 1 obtain any 
egg, larva or pilpa, of the wasp. Perfect wasps, however, were found 
in them. In the yellow colour of these wasps there was noticed a 
lovely freshness, which is so peculiar to things which, remain sci’ceiu'd 
fi'om the sun. Exposure to the sun's rays changes or bh'aches a 
colour to some extent. For instance, the body of Myfm(‘v<s'iji<tus 
seii'pes, Forel, dug out fresh from a nest underground, is yellowisli 
brown, but the colour of specimens caught flying or running oulsifle a 
.uest, is totally brown and tawny ; yellowishness completely vaiiisbes 
away on exposure to sun-light. From this it will easily be iiilerred 
that B. ormilalis Biust have been present in the imago form in (iu> 
nest long before my digging theni up. It will be within the limits of 
possibilities then to suppose that hibe.rnation in the case of this was]) 
takes place in the imago stage. 

Pldlantlms pulehmimns, 8mitli. 

iVIy note on the habit of this yursp has already a|)pea,rod in -Mn- 
dian hisect Life ' ' at page 209 and I I'eproduce it here. 
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TiiiK wanj.) is Gojunioii at: Piiaa during the months o:f IVh.ireh. and, 
April, it is usnaiiy found o.n iloworing plants, on tlie iiowe.i‘s of 
vvhieh i)oes are also hovering. This wasp attacks tliem, stings tbeni, 
and tinm. fii(3s a,\vay with the.in to the j.iest. The bee is Iieid by tlie 
wasp below tlie tliorax between the legs. Nests of this wasp a]‘(* 
in sandy fianks, ajid are in the form of long na,ri‘ow tunnels. h\‘- 
males are ol.)serve,(l bringing hees, geiie.i-ally belonging to tlie gene.ra 
HalictKs/ ' CeraUna ' and ' Apis ' to theii* nests and the choK-e 
seems .restrieted to the family Apidw.'' 

Economic . — Tlie niother-bee generally iiils a eel I with a mixture 
of pollc]! and honey. She is fiirjiished thei-eiore with bristly, branch- 
ed, plumose, and twisted hairs, wliieh facilitate the work of gathering 
pollen fioin flowers. When she buries herself in the blossoms, pollen 
grains stick to the peculiarly modified hair. As the bee flies from 
one flower to another of the sa.me plant, some of the pollen grains of 
the former, come in contacd and adhere to the stigma of tlie latter 
and pollenize it. Similarly while she flies from one plant to another 
cross-pollination is accomplished. Thus the bee inGidentally pol- 
denizes flowers while collecting pollen which she stores in her cells ; 
and as such she is a very be:neflcial insect in flower and fruit orchards. 
PMlantlms pidcherrifinis attacking these is decidedly an iiijurious 
wasp. 

.FAMILY EUMENIDdi. 

Genus Eumenes. 

Eumenes a>/finissmm, Sauss Var. 

This wasp is shown on Plate XIII, Fig. 11. iSingle cells of this 
species have been collected from the branches of Jhau {Tamarix sp.). 
(PI. XIII, Figs. 9 and 10). The mud used appears to be very finely 
kneaded, and the cells are very delicate. 

Eumenes esiiriens, Fabr. 

This wasp is similar in .habits to E. conim. The female wasp 
(.•onstructs mud nests, consisting of three or four cells, and each ceil 
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is Stocked witii pandysedcaterpiilai's. TLc nests ai'o found in various 
odd })]aces. rj/., coiTiers of bouses, against walls, rafters and windows 
and in bamboos, tree-trunks, etc. On one occasion a rejected cir- 
('idar wick fif a tal>le lamp was occupied by this wasp. Tlie shape of 
a cell is very nnicli like that of Emnenes conica : being elliptical in 
plan. an<l senii-elli])tical in section. The wasp takes about 3 hours 
to raisc^ the cell and about an equal number of hours to store cater- 
pillars in it. .\ cel] wliich was started at about 11 a. At. one day. was 
finished by 2 p.n. the same day ; and the caterpillars were stored 
and the cell plugged by 5 pm. The time required to stock the cell 
with caterpillars depends on the abundance or scarcity of caterpil- 
lars and the distance from which they have to be fetched. If they 
are found close at hand and in large numbers the time taken will 
proportionately be very much less than when they have to lie 
brought in from a long way oH and are few in number. 

The egg. as in, the case of Etmienes cmiica^ is suspended by niea,ns 
of a fine thread, inside a cell. It hatches in a couple of days, the 
young larva feeds on the paralysed caterpillars stored in the cell 
and grows in size. On the 3rd day it measures 12 mm. by 4 mm. 
and on the 5th day it is full-grown when it commences to line tin* 
inside of the cell with silk threads. On the 6th day excreta are dis- 
charged and the larva measures 15 mm. by 5 mm. and is yellow' in 
colour. On the 8th day it pupates. In the freshly formed pupa 
the abdomen is joined on to the thorax broadly, and the segment 
(petiole) joining these two parts of the body gets tbiimer and thinner 
till it is reduced to its ultimate dimensions. The petiole in this 
stage is never stretched lengthwise but is kept in an oblique position. 
The abdomen consequently remains more or less at right angles 
to the longitudinal axis of the pupa. The length of the pupa 
ineasmed from head to the base of the 2nd abdominal segment is 
about 11 mm. 

The geueral colour of the pupa is yellowish white and the wing 
pads are slightly brownish, A change in the colour of eyes takes 
place on the beginning of the 3rd day after pupation. On the 7tb 
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day rcddisliness is suffused all over the body ; the mesothorax 
assumes a brick-red colour, the petiole and the abdominal segments 
becoming reddish brown. All the sutures on the thorax, a transverse 
band on the petiole and another on the apical margin of the 2nd 
abdominal segment turn black. On the 9th day yellow markings 
on the thorax and abdomen appear prominently, and on the 10th day 
the thin pellicle covering the pupa is cast and the wasp emerges. 
On the following day the limbs harden and the wasp cuts a hole in 
one side of tbe cell and escapes. Thus from egg to imago this wasp 
takes about 21 days. 

Eumenes cornea, Fabr. 

The female conica constructs mud cells in the corners of houses 
against walls, wooden furniture, etc. There are generally 6 to 10 
cells in a complete nest. The cell is convex from outside, elliptical 
in plan and semi-elliptical in section. The ajrproximate length of a 
cell measured along the major axis of the plan is 22 mm. and the 
breadth along the minor axis 12 mm. 

The female conica brings a mud pellet and lays it out in a curve 
on the place where she intends to construct her nest. She goes out 
and brings more mud which is added on to the first curve. Several 
times the wasp goes out in this way and returns with mud pellets 
which are worked into the wall of the cell. When the wall rises 
to a height of about 6 mm. all round, in a plane at right angles to 
the one against which the nest is being constructed, a gentle curve 
is given to the remaining portion of the construction which ends in 
a small central aperture about 4 mm. in diameter surmounted 
by a structure which may well be compared to the neck of an Indian 
water pitcher with a rim. Through the aperture are slid in well 
developed green caterpillars (generally semi-loopers), which are 
brought stung and paralysed (but 'never dead), to be laid up as 
provision for her young. (Note : — The caterpillars are sometimes 
found to be parasitised.) 

The number of these caterpillars in a cell varies ; usually it is 
five, but if the caterpillars are small and not fully developed, their 
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niiiiiher may be nine or more ; and in ease tliewas}) is sc'.ared aAvay, 
eniiglit or Idlled before (‘losing? tlie eell, the nnm))ei,' of eaterjiinars 
stored is mnch less. 

When tlie. egg is laid and tlie necessary niunber of caterpillars 
has been stored in a. cell, the pitcber-riin structure is demolished a 
little and the cc'utral aperture, is plugged with mud. Another cell 
is stai'ted just above it, the lower side of the second touching the 
upper side of the first ; but in case the nest is located in a corner, tlu^ 
cells overlap each other to sonic', extent. Thus cells are added on 
one after another, till the rccpiired immbcr is reached. 

As already remarked /i^. con? ccr may construct 7 to 1.0 cells in oik' 
place if not disturbed, but if, on each return to an unfinished cell 
she finds someone, closely watching her nest, she eprits it, suspecting 
some misc'hief and starts a new nest in some other locality. It is 
partly due* to this reason that one generally comes across such nests 
as have two or three cells closed and the top-most cell with the, char- 
acteristic pitcher-neck still existing. Sometimes solitary unclosed 
cells are also found for similar reasons. As a rule, one egg is laid in a 
cell ; only in one case I found three very similar eggs suspended in 
an unclosed cell In her egg-laying habit Evmenes conica differs 
from some wasps, as the egg is not laid on the food of the larva, but 
is suspended by means of a very fine thread from what we may call 
the roof of the cell. The length of a, freshly laid egg is about 
3*2 mm. and that of the thread about 1 ’5 mm. The colour is uni- 
formly yellowish white, but later on only the portion occupied by 
the embryo retains this colour and the rest of it (near both the ends) 
becomes colourless. It gradually increases in length to about 4*5 mm. 
and in shape is long and cylindrical (slightly curved) with ends 
rounded. The egg stage lasts for about 2 days. The egg splits 
on one side, and the rent gradually increa,ses (lownwards till the larva 
puts forth its head and as much of its body as may enable it to reach 
the food below. It does not leave the egg-shell so long it can get at 
the food from its suspended position, and so long as it is too delicate 
to receive convulsive strokes from the paralysed caterpillars. When 
freshly hatched the larva measures about 4 or 4*5 mm, long and 
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i mm, broad. It is green in the middle, the anterior and posterior 
ends being colourless. This green colour deepens and then gradually 
spreads all over till some yellow appears mingled with it, the latter 
colour predominating eventually. It moults three times prior to 
its attaining full length. 

ihe following table gives the dates of different moults as ob- 
served in the case of two larvge : — 


Hatched 
Isfc iiionlt 
2nd ,, 
■h\i 

Pnpafcd 


20th March (night) 

2 1st 
22nd 
2;-5rfl 

3rd April (at 3 p.ai.) 


22nd March (night). 
23rd „ 

24 th 

25 th 

oth April (night). 


When, in a week’s time, it is full grown, it has the appearance 
of a yellow mass of flesh tapering towards both ends, and divided 
into distinctly marked segments. It is about 19 to 20 mm. long and 
6 to 9 mm. broad in its mdest portion. It has ten small round 
spiracles on each side of the body. 

In the cell the full-grown larva spins a cocoon, inside which it 
rests for some days before pupating ; but if taken out of the cell 
It hardly spins any cocoon, and, if at all, only a few threads are drawn 
across the body. The cocoon is of a very thiii consistency and is 
spun quite close to the walls of the cell ; practically the cell is lined 
with silk threads. It serves two purposes ('i) keeping the pupa 
enclosed in a soft covering and (u) hardening up the wall. It has 
been observed that a cell containing a pupa offers greater resistance 
to breaking than one containing a larva. It may also be noted in this 
connection that almost all the mud-nest-making wasps appear to 
add something of the nature of saliva to mud to make it more sticky 
and hard ; for it is comparatively much easier to break a cell made 
by human^ hands than one constructed by a wasp, even though the 
mud used in both the cases be the same. 

Exci’eta are discharged inside the cocoon, and the larva becomes 
motionless. The colour turns to a delightful yellow and the body 
IS much contracted. After 3 to 5 days’ rest, the fifth and sixth 
segunents of the body (reckoned from head end) are narrowed, 
his announces that the insect is about to enter upon the third 
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stage (pupal) of its nietaiiiorpiiosis. The larval skin is shed and 
there appears a wonderful change in the insect. It is no longer 
a tapering mass of flesh, but has all the limbs of the perfect wasp. 
Head, eyes, antennae and its joints, thorax, legs and its joints, and 
abdomen, in fact, every part of the body comes out distinct and clear 
except the petiole whicli is very broad and thick. The abdomen 
appears to lie broadly joined on to the thorax, as in the case of Ses- 
siliventres. The petiole gradually reduces to its normal dimensions 
by the following day. The colour of the pupa at this stage isliglit 
yellow all over, excepting the antennal and tarsal joints wliich are 
white or colourless and the rudimentary wings which are browiiish. 
The pupa when fresh measures 12 — 1 3 '5mm., and increases in size 
as the petiole gets tliiniier and longer. Then follows a gradual change 
in colouration. The eyes exhibit signs of change first ; two days 
after pupation they get a shghtly pinkish tinge wliich deepens on 
the 3rd day ; on the 4th day the eyes get slate-coloured ; on the 5th 
daj'' there is more of darkness and only an obsolescent tinge of bluish- 
ness. On the Gth day, eyes are black, though not cjuite. There 
is just a reddish tinge all over the body ; and there also appear 
a thick black line behind the eyes, a longitudinal black line travers- 
ing half the length of the. mesonotiim, another transverse stripe on 
the middle of the 2iid abdominal segment above. The diffei’ent 
parts of the thorax come out clear and distinct. On the 7th day 
after pupation the different segments of the abdomen become sep- 
arated and lateral pinkish lines appear on them. Excepting anten- 
nae, legs and the ventral side of the abdomen, the whole insect 
becomes reddish, the sutures between the pro- and meso-thorax, 
meso-thorax and scutellum become dark. The insect becomes more 
red clay after day till the dull red colour of the perfect wasp appears 
on the 10th day after pupation. The clypeus, sinus in the eyes 
and narrow stripes behind them become yellow. Up to this da,y 
the wings do not appear developed, and in their place one finds thick 
pads of skin, covering the meso- and meta-plcurse. On or about the. 
12th day the thin pellicle covering the pupa is cast off, and at once 
the long, longitudinally-folded wings appear. For this day the 
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wings are kept over the body parallel to it, but on the next clay when 
the wasp gets dry they are spread out almost at right angles to the 
body. This happens when a larva is taken out of a cell and bred 
in a cage, but if allowed to complete its metamorphosis inside a cell, 
the perfect wasp remains inactive for a day and on the following 
day, when the limbs are hardened, emerges from the cell through 
a hole cut in the upper side. 

Tims the period occupied from egg to imago is four weeks : — 


Ifigg stage about 

Larval stage (including resting stage) 
Pupal stage about 


days. 

S) to 1 i days, 
to 13 days. 


... 23 to 29 days. 


As mentioned above, sometimes the uppermost cell in a nest is 
found unclosed with only a couple of caterpillars in it for the larva. 
The larva on finishing this short supply of caterpillars undergoes 
metamorphosis just as a full-fed larva would do. Casting off the lar- 
val skin and pupal pellicle, gradual changes of colouration in the 
pupal stage, and the final emergence as a perfect Avasp, take place 
all at regular intervals. There is, however, a great difference in 
the size of the perfect wasps which emerge ; the one from a full-fed 
larva is very much bigger and consequently stronger than the one 
whose supply was stinted. This points to an important conclusion 
that difference in the size of various specimens of E. conica of the 
same sex, depends largely on the quantity of nourishment received 
during their larval stage. 

Enemies. — Stilbiim cyanimim, Fdrst., Clirysis fuscipennis, Br., and 
Chrysis orlentalls, Guer,, of the family Chrysidse, two undetermined 


" From 1111 / note.boo/c.~(Jnnp. 1908). 

“Two larvte of 7i'. eo«a’a, taken out one from a closed cell, tbe other from an opened 
one ; the former is full-fed and well developed, in resting stage ; the latter much smaller in 
size, resting. 

Xo. 1. Pupated on 23rd June 1908 (night). 

Emerged 5th July 1908. 

Xo. 2. Pupated on 25tli June 1908 (noon). 

Emerged 6tli July 1908. 

Both are females, No. 1 very much bigger than No. 2.” 
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species of the (family Taohinida) !aid.fMutaia rafux, 8111., liave 
been bred here from the cells of this wasp. Chrysids pupate inside 
a tough reddish-brora (sometimes yellmrish-browii) cocoon which 
the full-gi-own larva spins in a corner of a cell (Plate If, Fig. 12«). 
raohmid pupaiia are found loose inside a cell. Sometimes it so 
happens that both the parasites. Chrysids and Tachinids are found 
in the same nest; the emergence of Tachinids from a nestis 
always perplexing, for it cannot be definitely decided whether the 
to bred are parasitic on the caterpillars stored in cells, or on tin- 
wasp larva or pupa. I am inclined to believe that the maggots 
which eat up the catexpiUars would not spare the wasp Tart 
however, flies whose niaggote have been found to feed purely oii 

fiom those parasitic on the caterpillars. Below I quote a few 
observations from my note-book which will throw someVbt 01 tin- 
subject and elucidate some other points too. 

g ax cells, from a wmdow in a house (PI. XIII Pia io\ 
Out of SIX, two of the cells contained nothing ; of The renViZ 
four m trvo cells were seen Chiysid larv®, in the 3rd a Taehinid 
pupariiim and in the 4th a fnU-sised pup; of M. ' 

“ Just above the pupa, and separated from it by the ftill-m-own 
la.rva s tim cocoon, was fnnnrl o i • • i ‘ gi-own 

;::r"r:bvTi“ 

nourished? Not on the wasu 1 ® J'laggot 

pupal stao-e rt : Ti it was there iu the 

supply of'the wasp “““niug the food- 

fi 11 ' Pie motlier cornea midit .have shiTorl f.. 

^ ^ one parasitic maggot on it. The 

* Tlic tiny larva mentioned above as ! - 

imp«, pupated on l«th April 1909 inside a the protborax of K 

fusclpenms) emerged on 2ncl May 1909 (p], XHI, wasp ( Clivysi, 
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EXPLANATION OP PLATE XIII. 


Nest; uf Sceliphi'on coromaiidelicum, reduced x - 5 . 

,1 ,, inhabited by P.seuda,£i(enia olypeata x 

,, ,! Pseiidagenia blanda x ii. 

j?;:ieud;.igeiiia bianda, male X '2. 

Nest of a P.seudagenia sp. x 3. 

Pfjeudagenia sp,, feiuMl---' x M. 

froii! an unfinished nest of Seeliphron ■, 
ooimiandeiicum. ^ N a.ui al si/e, 

'•‘■'ells from an uiifinishe'] iu-:sr. of Seelipliron , 

.miJra-vHlaunui. / 

>./i lliiiijene.s eai, on a hrnneij 

Tinuarix. 

A single ceil ni !,he above x o. 

KunttMiPs artiaissinni. var,, female ■ 

Nesi of Riimenes eonica as -leen from undejsid*: x q 
Ooooiin of Chry.sis fnsciponnis in a corner of a cell. 

Eurnenes conioa pupa bearing Chrysis fuscipennis laj'va on Oie p!-',- 
"A' X 2. 

Chrysis firseipennis x 2 . 
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maggot pupated after cbnsiimiiig the caterpillar aud allowed the 
wasp larva to floulish iimnolested. This is on the assumption 
that the Tachinid maggot requires only one caterpillar for its full 
growth/' V' 

To ascertain delinitely how many caterpillars are consumed by 
a I’achinid maggot before it is full-fed, 1 broke open several freshly 
construct(Kl E. conica cells ; and from one I got a parasitised cater- 
pillar. On this cater])illar were seen five tiny maggots. In the cell 
thei’e were two more caterpillars besides the parasitised one and the 
cell was not yet closed. The maggots grew in size gradually : the 
three caterpillars were consumed clean ; their integument alone was 
left. 1 put in one more caterpillar which was not paralysed ; but only 
a little crushed, and of nearly the same size as those found in the cell ; 
it was finished ; two more were added next, of which one remained un- 
eaten. At this stage the maggots began to pupate. Thus five cater- 
pillars in all were consumed by five maggots, showing that one 
(caterpillar is quite sufficient for one maggot. 

It may be noted here that the full-grown maggots nieasure 
7 to 8 mm. in length, and 3 mm. in breadth (in the middle) ; colour is 
dirty white ; general shape, tapering towards the head end and 
alrruptly truncate towards the tail end. The maggots before pupat- 
ing contract their body very much, and the pupariiim is 4-5 mm. long 
and 2 mm. broad. The colour of a puparium is bright testaceous 
which gradually turns to dark-brown. The pupal stage lasts for 
about 12, days. (Note.- -The ffies that emerged from these puparia 
have been ascertained to be quite distinct from those reared actually 
on wasp pup®). 

13^// July 1909. " On removing a nest of Eumenes conim, J 

found in one cell Tachinid maggots actually eating into the wasp 
pupa. The maggots pupated on 15th July 1909 and the Hies 
emerged on the 2oth idem.’' Again, early in October 1909, I 
1 ‘enioved another nest of this wasp from which 1 got a pupa dam- 
aged in a similar way. Flies which emerged in both these cases 
were different from those bred on caterpillars. Emergence of the 
Tachinid flies takes place probably in the same way as described 
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under Sceliphroii coromandeliciim, for the luaggots have been found in 
this case also to bore their way into adjoining cells in search of food.'*' 

Economic. — xis already remarked, E. conica stores in her cells 
paralysed caterpillars which are chiefly senh-loopers. Since it is 
difficult to identify insects in the caterpillar stage I have not been 
able to definitely determine the paralysed species. To rear them 
to moths is rather difficult on account of the poison which the 
wasp injects into their body. The only way to accurately decide 
this cpiestion is to find out the food-plant of these caterpillars, t.e., to 
ascertain and see the actual plants from which the caterpillars are 
carried away by the wasp, and in this direction I have not been suc-- 
cessful yet. In one case the caterpillars resembled those of 
Gosmopliila sabuUfera, G-uen., and in another they looked very much 
like the caterpillars of Trigonodes hyppasia, Cram. 

Caterpillars are generally herbivorous, and when they increase 
abnormally on a particular crop, they may do great damage. 
Emnenes conica, exercising some check on these (however 
little) is decidedly then a beneficial wasp. Cells of this wasp are 
freely parasitised. Sometimes from a nest of seven or ten colls 
not a single wasp emerges. Taking five as the average numlicr 
of cells in a nest and two as the average number of wasps that 
emerge from each nest (one being male and the other female), w(‘ 
find that 25 caterpillars will be paralysed in the 1st brood ;j' an e(iual 
number of them in the 2nd brood, and so on. In case there are 
six broods a year, the total number of caterpillars paralysed by a 
single wasp (which started nest-making from the middle of April) 
and its progeny will be 6 x 25 = 150. And as these wasps are never 
numerous at any time of the year what an insignificant fraction 


* Bui in one instance 1 fouuc! tiio Tacliinid flics emerging by pusUing aside a liLtlc clay 
from the nest. This particle of clay did not fall oil the nest but was held in position by some 
threads (probably those with which the full-grown wasp larva had lined tlie inside of the coll). 
It opened like a door on hinges. The exit hole was not cut and the clay was removed from 
that portion of the cell where no extra mud was put by the mother wasp and where evidently 
the head end of the maggots had worked like a drill. This nest was under my observation 

during August lil 12, when this memoir was in the press. 

t Providing the female dies or cannot lay more eggs after completing the first nest. 
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of tile huge number of caterpillars that yearly devastate our 
crops, is incapacitated by these wasps. Still I would not coiideinn 
the good done by them, even though it is so little. 

Now consider the other side of the question. Is the wasp cap- 
able of doing any harm ? If so, to what actual extent ? She can 
sting and perhaps severely, but I have not heard or seen anybodv 
stung by this wasp, nor have I myself had this experience, although 
I have been so closely and famiharly intimate with her for over 
three years. E. oomca no doubt disfigures our furniture, boxes, 
windows, and neatly white-washed walls by her ugly mud nests, and 
this is the only fault we can find with her. 

General , — The paralysed caterpillars stored by this wasp in her 
cells have been observed sometimes to pupate successfully, but it is 
seldom that the pupa3 turn to imagines. In one case, however, I 
remember that a mulberry silkworm, which was removed by the 
was|) from the silk house, on being rescued from the cell, spun a 
flimsy cocoon, and the moth emerged in due course.'*' 

Caterpillars belonging to the following families have been obtain- 
ed from the cells of this wasp.— 

1. Caterpillars resembling those of Amphch {Belenois) memdim. Cram. Family < Pieridm.’ 
r (i) ChlorUlea olmlcta. 

3. „ .. J ( 


■'i (ii) CosmojAiila mhulifera^ Guen. i Family Noctuidte. 
Uiii) TrigoniHles lujpgtasla, Cram. ) 

/ (i) Delenia eapltata, Wlk. . 
f (ii) Teplirina duputaria, Guen. j' ‘ Geometridm.’ 

Bombya; mori, Linn. Family ‘ Bombycidm.’ 


In the empty cells of this species Megachile Janata has been 
observed to nest. 

Eumenes edwardsii, Sauss. 

In October 1908 I got a cylindiical clay cell, with rounded ends, 
attached singly to a, blade of grass. Measurements of the cell were— 
Height 14 mm. ; Diameter of the cylinder about 10 mm. Eumenes 
edwardsiL Sauss., emerged making a hole at the top. 


eaten, illars”!,!, caterpillars from a cell. Almost all the 

eviraoW i f’ only one turned to moth which proved on examination to be an 
esample ot Guen, 
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Genus Rhynohium. 

Four species of this genus arc found at Riisa, R. bnmmmm, l'\. 
i?. nitidulmn, R. metallicimi, Saiiss., and R. bengalensc, Sauss. 
All these wasps stock their nests with paralysed caterpillars and as 
such are ’ Beneficial Insects.’ The last named species is found to ho 
infested with SlrepsipienL 

Rhynchium brimneum, Fabr. 

Tliis wasp also., like many others, takes ad^a,lllt■age of ready- 
made holes in which she stores caterpillars as provision for Iku* larva'. 
In each (tell there may be a dozen of these caterpillars. This was}) 
is found at Pusa from April to October, but lu^comes abmulaiit 
during August and September. 

Once (14th August 1908) 1 observed this wasp entering a hol- 
low in a dried piece of bamboo. She remained inside it for a few 
nhnutes and flew out again. She returned after 10 minutes with a 
caterpillar. She entered the hollow and I thrust in a bent wire 
behind her. The wasp rushed out buzzing angrily round my head 
and finally went away. During her absence 1 managed to remove' 
a couple of caterpillars out of her nest. She returned again, but tliis 
time without a caterpillar. (She went out it appears to select a 
suitable site to shift her nest to). She sat just outside tlie nest, 
and then very cautiously entered it. She ca.me out with two or 
three caterpillars which she carried to another liamboo with a simi- 
lar hollow in it. Thus all the (arterpillars were removi'd to a new })lac(' 
on such a slight provocation. The (‘atcrpillai-s wi'.re of the descri])- 
tion given below 

General shape— Slender, long (17 mm.) cylindrical with tlu' 
usual five pail's of siickerfeet. Half the body towards tin' liead eud 
in almost all the specinums is yellow with an obsolescent tinge of green 
above, and the I'emaining half green. Head light brown with a 
few pale hairs chiefly on the sides. Prothorax yellowish -brown 
with black marks posteriorly arranged in a. semi-circle. T4ie fol- 
lowing two segments have two central oval black marks, each with 
two black dots inside from which springs a single hair. Tiiere are 





tAvo more oval mai'ks just behind these, but without central dots ; 
and, lastly, two oval marks on each side with one central black dot 
bearing a hair. The remaining segments are uniformly marked. 
Each of them has fiAm marks arranged in two Hires, three in one and 
two in the other. 

1st line.-—ThxeQ marks, two black circular rings, one on each 
side of a central black oval mark, which is bisected by a faint dark 
longitudinal Hne. Each half has a black dot in it bearing a single hair. 
Similarly the side rings have one dot each, with one hair. The cen- 
tral mark is longer than the side ones. 

2nd line — Two black oval marks and a black spot in each bear- 
ing a single hair. =1 

On each side of the body there are 9 black round spiracles. 
Identified as caterpillars of Marasmia tra'pezaUs, Guer. 

Economic . — ^This wasp is decidedly a beneficial insect. It 
exercises some influence in keej^ing down the caterpillars of the 
above-named Pyralid, which is one of the pests of Maize. 

Rhyncliium nitidulum. Fabr. 

This wasp constructs long oval clay cells which arv coated with 
a black gummy sub- 
stance obtained from 
certain trees, such as 
Pipal {Ficus relkjiosa), 

Babul {Acacia am- 
bica), etc. A, single 
nest may contain in 
some cases up to 25 
cells (Fig. 14), but 5 to 
LO is the usual num- 
ber. The nest may be 
stuck against the ceil- 
ing of a house, or it 

may be inside a hol- 
, ‘ . . Fig. 14. Nest of Bhynohium limnuLUM. (From a 

low 01 a tree. It is raoTOGKAFE| 
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never iittaclied by a narrow stalk (as in the case ol PohMes 
hehmus, etc.), Init the bottom of a couple of cells is firmly adherent 
to the surface against which a nest is constructed. 

The wasp takes nearly half a day to construct a cell and the 
remainiiig lialf of the day is spent in coating it from outside with gum. 
Paralysed caterpillars are then stored up, and this work may occupy 
the wasp for 3 to 6 hours. The cell is then closed, and after 30 to 33 
days the v’asp emerges fi’om it. Ifrom 3 cells which, were kept 
under observation, the wasps emerged on the following dates : 

No. €di closed oil Wasp emerged on 

1. 2r)th September 1!)10 ... ... -•‘'Ui October liHO. 

2. 25Jtli „ „ ... ... 30th 

S. 8rd October ,, ... ... 5tli November „ 

Chalcid parasites have been reared from the cells of tliis wasp. 

RJiynchium metalUoum, Sauss. 

This wasp has been observed carrying away Tineid {Semn la- 
tiore) caterpillars from a plant locally known as ‘ ‘ Chakaur ’ ’ {C(is- 
sia tom). The caterpillars have the habit of folding up four or five 
top-shoot leaves together. The wasp knows such leaves to contain 
her prey ; she comes to the plant directly and settles down on the 
folded top-shoots. An opening is cut from below, the mandibles arc 
thrust in, and the caterpillar is ousted from its hiding place. At 
once the wasp pounces on it, stings and flies away with it. 


FAMILY APIDil. 

Geratim viridissima, Dali. Torr. 

This is a beautiful bee of a charining green colour, with metallic 
blue or golden shades. It is sometimes confused with Chrysid 
wasps from which it can be readily distinguished by the fore wing 
venation. The Oeraima has three cubital cells, while the Ghrysid 
has none (rarely one). 

It nests in hollow reeds and thatch, and excavates tunnels in 
dried pithy branches of trees. These tunnels and hollows are made 
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by the female bee in an exquisite way ; the inside of the nest is turned 
perfectly smooth. A file and sand paper would not finish it smoother. 
The fine particles of saw-dust are not scattered to the winds, but 
are compressed and utilised as partitioning walls between the dif- 
ferent cells of a nest. In a nest there may be about 5 cells and each 
cell is about 8 mm. in length ; in shape it is a perfect cyhnder. Each 
cell is provisioned with a little bee -bread -which is pollen mixed mth 
honey. On this an egg is laid. 

I have ascertained that an egg after it has been laid by the bee 
increases in length from about 2 mm. to about 3 mm. It is 
long, a little curved, semi-transparent and very smooth. The thin 
pellicle constituting the egg shell bursts at one end and the larva 
pushes its head out. Shortly afterwards the smooth body gets a 
little wrinkled. As the thin pellicle simply rolls over the lai’va 
remains in exactly the same position as the egg, only the wrinkled 
body tells us that the insect has advanced to the second stage of its 
development. 

The larva on hatching begins to feed on the bee-bread. When 
freshly hatched it measures a little more than 3 mm. Head is 
distinct and shiny white. Body is longitudinally margined and 
transversely ridged. Six spiracles are visible on each side. Larva 
when half developed is dirty white and yellowish in colour ; in the 
middle above slightly brownish, towards the tail-end black. Medi- 
ally a faint dark line, extending from head to the apex of abdomen 
is visible below the integument. 

Development of the larva is slow and when it is full-grown it is 
about 8 mm. long. Head and thorax creamy white, semi-transparent, 
the rest of the body yellow (colour of bee- bread) ; the posterior 
segments are distinct. Just a line to mark the outer margins of 
mandibles reddish. Head inclined downwards. The larva placed 
on a horizontal surface always remains in a curved position. Lar- 
val and resting stages occupy 10 to 13 days. 

Description of one or two days’ old pupa is given below : — 

Length 6 mm. General colour is yellowish ; apical joints of 
flagellum, all tibiae, tarsi, and mouth-parts, whitish. 
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As already noticed, the female bee nests in reed, thatch, hollowed ~ 
out dry branches of trees and dry shoots of bamboo. The first cell 


Ilrad . — La brum, mandibles, elypeiis, eyes, antennai ajid it»s 
joints (listiiiet. Ligula and palpi exserted, and placed below the 
thorax parallel to the longitudinal axis of the pupa, between the 
tarsi of the legs whicli are folded symmetrically on the ventral sin - 
face. Eyes and ocelli can also be traced feebly. 

Thorax. — ■h'rom above smooth and shining, all sutures well 
marked : two longitudinal depressions on the meso-thorax ; median 
segment posteriorly vertically truncate. Wings in rudimentary 
stage, hung obliquely on meso- and meta-pleura. 

Abdomen. — Six or seven segments distinct, a little longer than 
broad, much narrowed towards the apex. 

The pupa, when placed on a horizontal surface, 
moves the abdomen right and left. By this 
motion it cannot go forward or hackwai’d, but 
can move more or less in a curve. Another note- 
worthy point in this connection is that the full- 
grown larva does not spin any cocoon, consequently 
the pupa is always found naked, in a cell (Fig. 15). 
Changes in the colouration of the pupa take place 
in the same way as in other x4.culeates. First, the eyes 
become pink and ocelli chestnut brown ; gradually 
they turn black. The thorax and abdomen by degrees 
become green, and then the thin pellicle covering 
the pupa is shed and the perfect bee appears in. its 
charming colour. Pupal stage lasts from 11 to 18 
days. 

Thus from egg to imago the bee takes from four to 


Fig. 15. 

Cer.^tina 

VIRIDISSIMA 
PUPA IN CKLL, 

AND EMPTY 

OKU. (I. I. L.) £y 0 yreeks. 


Egg stage ... 

Larval stage including ‘ Resting stage’ 
Pupal stage ... 


Tot Al- 


to 1 days. 
» IS „ 
IS 


is stafr(Ml right iiisido the hollow and the last cell is hiiished near the 
<'niranc(‘ (ofnai (Mid); consecinently if in the cell eonstnicted last 
IhertMs an egg, the cell constructed 1st (he., the last cell counted 
from the open end) would contain a full-grown or a nearly full-grown 
larva. Xaturally enough the inmate of the first cell becomes an 
imago, while the (x;cupants of other cells are still in pupal and larval 
stage. Ilow does the bee of this cell manage to come out of the 
nest when the exit is blocked ? After repeated observations I 
have come to the conclusion that the bees remain in their respective' 
cells after shedding pupal sldns and wait patiently there till the in- 
mates of the succeeding cells leave a clear passage for them to emerge 
fi’om the nest. 

The bee l)upa lies in a cell with head towards the closed end of 
tlie nest. On reaching the imago stage it stands on its legs and in- 
stinctively tries to walk forward and backwards. It pushes the 
sawdust plugs, and if the adjoining cells are occupied, the plugs will 
remain intact ; but if, on the other hand, the next cell (towards the 
open end) is vacant, the bee in her backward inotioii will demolish 
the sawdust wall and escape from the nest. 

At night these bees hide themselves in such hollows as they 
choose for their nests, the mother bee always confining herself to 
her own nest. Early in the morning, five or six of these bees may be 
found huddled together in the central hollow of a single dried shoot 
of a bamboo. 

Enemies. ~-rmy black ‘ Chalcid ’ parasites have been bred from 
the cells of this bee. In one cell there may be found as many as 
four dirty white larvae feeding on the bee-larva. These larvse, 
when full fed, do not spin any cocoon, but simply cast off their 
skins and pupate. The pupa is naked, white, about 3 mm. to 
4 mm. in length, with all the limbs of the imago. About two days 
after pupation the eyes turn pinkish and gradually become deeper 
ill colour. On the following day the whole of the body turns black 
and a couple of days after the parasite emerges. 

Economic . — We have seen that G. viridissima stores pollen and 
honey in her cells. In order to facilitate the work of gathering 
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pollen, nature lias fiirnislied lier witli peculiarly modified liaii’s. 

On her tibiai the hairs are branched and forked (as shown in 

figure 16 ; Fig, 16a shows 
a single hair magnified). 
Thus when she buries 
herseh and rolls in the 
blossom, pollen grains 
adhere to these hairs. 
As she flies from one 
flower to another of the 
same plant, pollen grains 
of the one come in con- 
tact and stick to the 
stigma of the other and 
pollenize it. Similarly 
when she flies from one 
plant to another cross- 
1 ■ pollination is accom- 

phshed. It will be clear from this that from an economic point 
of mmv this bee os very valuable in fruit and flower gardens! 

FAMILY FOEMICIDiE! 

Bofijlus labiatus, Shuck. 

In the month of February each year males of this species which 
are very wasp-like in appear- 
ance (Fig. 17), generally come at 
night into houses attracted by 
light. Workers have been found 
twice a year in large numbers ; 
once in February and again in 
August. In size they are very 
much smaller than the males, 
in habits they are usually carni- 
vorous. One afternoon (20th 
August, 1908) after a brisk 


Fio. 16.— Branohed hairs on the tibia of 
CERATINA VIItlDISSIMA. 

Fig. 16«. — A SINGLE HAIR MAONIPIED, 
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shower of rain workers of this species came out in large numbers 
from their nest which was undergronnd, near the foot of a wall. 
On this wall at that time were also moving upwards workers of 
PJiidole indica with males, eggs, larvae and pupae. The lahiatus 
workers attacked them and, grasping them between the mandibles, 
ran into the nest. On. digging up the nest a little, I found several 
Pliidole indica, workers cut into pieces or badly mutilated. 

Workers of this species are blind, but it was interesting to behold 
them pouncing on the Pliidole workers with great precision. They 
live underground chiefly on animal food, and 
hunt small ants and little living things 
which multiply so enormously as to become 
a nuisance at times. D. lahiatus in this res- 
pect is a beneficial ant to some extent. 

Dorylus orientalis, Westw., is a species 
very closely allied to the above. Males of 
this species can be distinguished from those 
of lahiatus by their smaller size and broader 
mandibles, and workers by the number of 
antennal joints which are nine in the case of 
the former and ten in that of the latter. 

Workers of this species (Fig. 18 ) are in- 
jurious insects, because they have been ob- 
served to actually eat up healthy plant tissue. 

At Pusa they have been found to damage 

, . ^ Fig. iS.—Douylxjs omentalis 

vegetable crops, but never seriously. workers, (i. i. l.) 

Platythyrea victoricB, Forel. 

This ant is foimd walldng on the trunk of trees examining 
depressions and spaces covered by loosened bark. I have seen this 
ant attacking a small tree spider which was hidden under a portion of 
the bark on an old Ficus tree. As soon as the ant approached the 
spider, the latter jumped out and hid itself in another place. The 
ant followed it there and the spider returned to its first hiding place. 
Thus five times was the spider ousted from its retreat and attacked 
but it always managed to escape unhurt by its agile movements. 



24S 


LIFE HISTORIER OF INDIAN INSECTS (HYMENOPTERA). 


Diaernmna vagmis, Smith. 

This ant is seen at Pusa throughout tlie year and is one of th(‘ 
commonest insects found here. Nests ar<^ underground, at tlie 
base of hig old trees, and near the roots of bamboo clumps. Pupa^ 
of this species are encased in dark-brown cocoons. Outside the 
nests are noticed generally severed heads of Ccmifomtns conrprr.^- 
sus, P. 

Sima nifo7iigra, Jerd. 


Nests of this species are generally foiuid liigh up in the 


main trunk or branches of trees, 



and sometimes in baanboos 
also. 1 found one nest in 
a dried deformed bamlioo 
standing in the midst of a 
thick clump. Neat and 
somewhat circular holes 
were visible on the outside 
(Pig. 19). These were the 
entrances to the nest. Pig. 
20 represents the cross- 
section of the bamboo piece ; 
' a ’ is the central hollow, 
b & c mark the position 
of passages inside the nest. 



Pig. 19.— Nest oe Sima bdfonigra in 
A imiET) pefoembd bameoo. 


1<Tg. 20.— Ckoss sbgtion oii- thk 
above showing thk bositton op 

PASSAGES LUADINCi INSIDE 




EXPLANATION OP PLATE XIV. 


1. P.seudagenia bliUlda o j 

, > Magnified abouti 3 tnne.s, 

2. ^ , S- n J 

3. Spider which miuiioks Sima rufonigra x 3. 

4 . Mefchoca rufonigra j x 3. 

Sima rufonigra ^ x 3. 

G. Mufcilla ap, ^ X 8. 

7. Al yrmeeocyatus aetipes c5' x 3. 

7a, Last; segment of the above showing \ ^ 

exserted genetalia, / ^ '* 
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Larvae are white, cylindrical, with ends rounded, 5 mm. in 
length. There is a fine medial longitudinal black line above 
extending over a few segments of the body in the middle. The 
integument is transparent and through it is visible a black ring 
encircling the central portion of the body. The head is bent 
downwards and rests on the ventral side, forming an emargination 
in the convexity of the undersurface. Once I observed workers of 
this species attacking those of the ' Harvesting Ant ’ — Eolcomyrmeoc 
scahricefs, Mayr., which were returning to their nest laden with 
grains of oats from a neighbouring field. Rufonigm did not carry 
^scahrieefs' living or dead to the nest, nor did they plunder the latter, 
but simply took pleasure in killing them or leaving them half dead 
on the field. The workers of this species are mimicked by a spider 
which is shown on PI. Ill, fig. 3 ; fig. 5 is the worker. 

Sima allahorans, Walk. 

Nests of this species have been found in the tender shoots 
bamboos, and also in the main trunk and branches of trees. In the 
former case the central hollow is utilised for the nest. 

These ants when disturbed discharge a drop of white fluid 
through the anal tube. 

Gataiilacus taprohance, Sm. and 0. latus Forel. 

Cataulaous taprobance, Smith, has been found nesting in the 
hollow of bamboo shoots and Gataulacus latus, Forel, in the 
branches of ^ teak ’ and ' sarish ’ trees. Ants of both the species are 
jet black and very inactive ; the former is smaller in size than the 
latter and has orange-red tibiae. 

Gremastogaster suhnuda, Mayr. 

This species is strictly a tree-ant. The nest may be either 
in the main trunk or in one of the branches of the tree on which these 
ants are found running. On a Ber tree a nest was found in the hol- 
low made by the ‘ Bex shoot borer ’ {Arbela tetfoonis. Mo). On 
the branches of a young Ber tree I noticed a couple of Mantis egg- 
cases which were infested with these ants ; some were going inside 
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tliein and otliers were walking on the outside. On opening tlie, egg- 
cases it was found that the portions visited, by the a..nts wini' simply 
dry and empty, but the innermost poi’tion was quite intact. 

These ants were observed attending Mealy bugs, Cerocotcus 
s]}.> on tender Ber shoots, and also the Lae insect [Tachdfdia lacca). 
These ants in their eagerness to obtain honey-dew from the latter 
often nip off the ends of the white filaments, the two anterior* of 
which are connected with the respiratory apparatus of the Lac 
insect, and thus kill it. 

Pup® of this species are naked and the sexes winged. 

Monoynommi indiemn, hkirel. 

During wet 'weather individuals of this species enoi’inously 
increase in number and often become a nuisance in houses. Theii* 
nests exist generally underground and sometimes not a. single hole 
in the pucca masonry is left unoccupied. In the monsoon seasoii 
of 1909 a very large colony of this species established itself in the 
College building at Pusa, and there were no less than a scoi'c of well 
populated nests scattered all over the building, individuals of 
these nests became extremely abundant and nothing was safe from 
their attack. They got into cages in which insects were reai’ed ; 
they spoiled fresh specimens of insects on setting boards, and old 
specimens in the boxes when they were left opened on, the working 
table for a while ; in short, they grew very troublesome and I under- 
took to drive them out of the building. J began with jiouring simple 
kerosene oil into all the nests. This measure succeeded in killing 
a few workers and maldng the' rest quit the nests, only to occupy 
the first available hole in the vicinity. .Kerosene- treatment was 
extended to these newly occupied holes which. (juitt(.‘,d lilc(‘- 
wise. Thus after the fourth treatment no nest was left in the lloor, 
but the ants were not entirely got rid of. They took to occupying 
holes in the walls. .Kerosene oil in these cases could not penetrate 
so easily and so far inside the nests as when these were situated 
in the floor. Consequently the ants did not vacate the nests this 
time, but emerged through another hole below or above the mu' 
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tlirougii wliick kerosene oil was injected and after a couple of days 
began to use the original entrance to the nest again. 

Next I plugged up all holes with white putty after pouring in 
kerosene oil. This stopped the emergence of the ants, but only tem- 
pora.rily. After a few days I found the plugs bored through and 
streams of workers flowing out. I then tried white putty well 
rub])ed with kerosene oil to stop the holes, but with little success. 
My next effort was to stop the holes after injecting kerosene, wdth 
white putty thoroughly rubbed into a paste with pure Benzene. 
This measure succeeded very well, and although it is now more than 
two years ago that the plugs were put on they are still intact. I am 
not inchned to believe that the ants were stifled and thus died 
inside, but in all jDrobability they escaped, how and from where I am 
unable to tell. I only know this much, that they were never seen 
afterwards in the College building. 

From all that I have seen I am of opinion that the success of a 
particular measure, undertaken to drive this species out of a build- 
ing, depends more on the persistence and perseverance with which a 
measure is carried out than on the property of the substance used. 
What I have found necessary in the case of this ant is to make the 
whole colony feel that there is a superior force which is bent upon 
extirpating them ; and this can easily be done by daily killing a large 
number of these ants continuously for some days. 

By daily pouring kerosene in nests which were in the floor of 
the College building I killed several workers, but could never finish 
them wholesale. The ants felt much disconcerted there, and resort- 
ed to the holes in the walls which they thought to be more secure, 
but when they were persecuted, still inore vig03.'ously in their new 
abode, they realized they w^ere not safe and were consecpiently under 
the painful necessity of abandoning the building. 

One morning (3rd July 1909) I observed the inmates of a 
nest marc.hing out with young ones. Close to the nest was sitting 
a Muscid fly {Och/roynyia sp.) which attacked from time to time 
the larva? and pupae that were being carried by the workers. The 
fly never snatched the victim from the grasp of the ant, but simply 
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■ licked ’ it from its place with the proboscis, which when withdrawn 
left the larva or pupa cjnite shrivelled up. 

Monomofimn destmctor, Jerd. 

These are very pretty-looking small, red ants, with a dark- 
brown abdomen, which has a sordid yellow colour at the base 
They are found in houses usually on substances which have a little 
grease sticldng on them, e.g., combs, hair brushes, corks of phials 
containing hair oils, etc. On one occasion, however, I noticed a 
long stream of workers of this species emerging from my store room, 
each worker carrying a particle of some white substance between 
the mandibles. I traced them back to a vessel containing wheat 
flour in which hundreds of these ants were gathered. On another' 
occasion, I traced them to a hole in a Sami -hemp stick in the wall 
of a thatched hut. The central portion of a Sann-hemp stick is 
pithy ; this soft substance ivas removed by these ants and a long 
cavity formed in the stick extending from base to top to serve as a 
nest. , From this nest I obtained winged males {20th July 1908). 

The ants of this species bite severely and their bite is' very 
painful. This fact is known, perhaps, to other ants also for they 
seldom come near its nest. But should they ever happen to pass 
close by it, they have to sufler the ]painful consecpience of their 
negligence. A Diacamma vagmis ^ was once thus chastised. It 
was walking in its usual leisurely fashion when some twenty or 
thirty of these red ants fell on it on my opening the Sann-hemp 
stick containing the nest. The Diacamma was very much dis- 
concerted for all the M. destructor clung to it, curling their little 
bodies round its legs, and pinching with their mandibles. The big 
ant ran for its life, occasionally giving a jerk to the legs or passing 
them through the mandibles. 

1 have observed these ants attending Coccids {Dactylo'pius sj).) 
on a wild bush. 

Monomorium latinode, Mayr. 

A portion of the trunk of a tree was scooped out, and the wood 
inside the hollow appeared to be decayed. On removing a few chips 
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of wood I found regular chambers and galleries made therein, thickly 
inhabited by workers, pupae, larvae and eggs of Monomorium latinode. 

Ifidomyrmex anceps, Roger. 

This species nests in sandy soil near the roots of plants infested 
with Aphides. In case the nest is situated in an open place. Aphis- 
infested plants are sure to be found in the vicinity. Well beaten 
tracks diverge from the nest into different directions and these tracks 
appear prominently in sandy soil after a shower of rain. 

These ants have been observed attending Aphides on a plant 
locally known as Mukna {Leppia nodiflora). On each flower and 
between the leaves about a dozen of these were present. A species 
of Membracid on Sissu is also attended by this species, and I have seen 
these ants visiting the sugary glands of Cassia orientalis also. Dead 
insects even receive their attention. I saw some 40 or 50 workers 
of this on a dead ‘ Mole cricket ’ {Oryllotalpa ajricana, Pal B) and 
one worker was noticed once carrying a dead Sphegid wasp 
{Orah'o sp). 

In the same area there may be several nests separated from 
each other by a distance of a few yards only, but all belonging to a big 
central one. Workers of one nest can freely go into any other nest. 

The nests are deep, but eggs and larvae are always deposited in 
tliat layer of earth which is neither dry nor moist. In February 
these are found at the depth of barely one inch in large masses and 
in July at 10 to 12 inches depth, but only a few in number. 
Pup£e are naked, i.e., not enclosed in cocoons. Winged males 
were obtained from the nests in August (20th August 1908). 
Living specimens of this species when squeezed between the 
fingers emit a peculiar kind of odour. 

Tapinoma rnelanocepJialimi, Fabr. 

Workers of this species have been observed attending (1) ‘ Wax 
scale insects ’ {Geroplastes sp.) on Custard Apple [Anona spiamosa), 
(2) Coccids on tender Bamboo shoots, (3) Aphides and (4) Cater- 
pillars of Catockrysops cnefus F. {LyccBnidco). 
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The nests are situated underground, deep and very populous. 

Females have been secured in the month of July from the nc-sts. 


CEcofliylla smaragdina, F. 

This is the commonest ant at Piisa, and workers of this species 
are seen throughout the year. In cold weather they are not so 

active as during summer and the rains. 



Their colonies exist on Lime, Mango, litchi, Pipal, Jaman, 
Teak, Sissoo and many other trees. Nests are constructed of 
leaves folded and held together by white silky web, and are always 
distinguished by their large size from other small leafy constructions 

which are usually scat- 
tered all over a tree and 
are the •‘ Cattle sheds *’" 
or “byres"’’ of this ant. 

These byres contain 
generally Coccid s — Lecar 
nium hesperidum (on 
Sissoo and Pipal) (Fig. 
21). Workers have also 
been observed attending 
Lecanimn nigrum, Icerga 
sp., Hilda bengalensis a.n.d 
Oxyrliachis tarandus . 
Besides, they carry all 
sorts of miscellaneous 
insects to theii: nests, 
e,g., caterpillars living or 
dead, dead grasshoppers, 
many flies, beetles, moths 
and sometimes tlieir 
wings alone, bugs, small 

FlO. 21 ,— WeBBIiVO of ailc'OPIIVLLA SMAlUaniKA ON Jcud ailtS, (ic. 1 hc}' 

PI.AL SHOOT nESBKRIDUM. iu hlJ.'gC 011111- 
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beis on the trunk or near the foot of such trees as have their colonies 
on them. Should any living insect pass close by them, they would 
at once rush on it, and after killing would remove it to their nest. 
Their mode of attacking and killing their victims is very interesting. 
The following observation, which I quote from my note-book, will 
fully describe it 

Fusa, January 30, 1908. — ‘‘A very curious thing I have 
noticed. There is a big pipal tree on the other side of the river Gan- 
daki. On the trunk of this tree not very high from the ground 1 
observed three workers of smara^dina dragging a helpless mynmco- 
cystus setipes, $ maj., up the tree to their nest, I picked up the 
setipes and smamgdina wnrkers also clung fast to it. On disengag- 
ing the setipes from the firm grip of smamgdina worker I 
noticed that the setipes was not yet quite dead. 1 knew that 
smaragdina was a great cattle tender ; I had seen, on several previous 
occasions, the workers carrying to their nests dead insects pertain- 
ing to nearly all the different orders of insects. I have mentioned 
elsewhere their extreme fondness for living caterpillars, but I had 
never seen before workers of smaragdina carrying setipes to their 
nest living or dead. Had the specimen of setipes been dead, it would 
not have excited so much curiosity. 

‘ I brought a stray worker of setipes to the foot of this tree 
where smaragdina' workers were sitting in a large group. To ascer- 
tain whether there exist any hostile feelings between the two spe- 
cies I picked up the setipes by means of my forceps, and presented 
it to a group of three or four workers of smaragdina. These at once 
rushed on the setipes and one of the smaragdina firmly caught hold 
of one of the legs of the setipes. I at once removed the setipes with 
smaragdina clinging to its legs. I pinched severely the latter, 
but it did not let go its hold. I chopped off the abdomen, but the 
grasp was still fast. I cut off the thorax, but the ' Bulldog grip ’ 
was not loosened. 

“ Just as I turned my eyes to the other side of the trunk i 
beheld another interesting sight. Near the foot of the tree on the 
g]:ound was stretched a setipes worker, its legs being in the tight 
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grasp of smaragdina workers. Each leg of the former was pu ec 
out ]jy a worker of the latter and was stretched as straight as possi- 
ble, the smaragdina worker stretching itself in its turn, hxing 
the claws in the ground. Thus sis workers of smaragdina were 
engaged with one worker of setifes whioh appeared more oi Icbs 
like a specimen on a setting board. At intervals it made a restless 
convulsive movement, but the grasp was all the moie tightened. 
It begun furiously to open and close the mandibles, but one more 
smaragdina worker very dexterously jumped and caught hold of 
the out-stretched jaw. The other jaw was similarly grasped by 
another worker. Thus the setifes was rendered motionless, and its 
escape hopeless. It was kept stretched in this set position ' 
till it grew stiff (Fig. 22). A smaragdina worker occasionally loosened 

its hold to see if the victim 
contracted its leg, and if it 
did so, it was stretched 
with a vengeance. I 
watched this for half an 
hour when the smaragdina 
workers let go their grip 
one by one, leaving only 
three workers behind to 
remove it to the nest. 

‘ ‘ To definitely learn the 
mode of smaragdina'^ 
attack on seti‘im I brought 
another stray specimen of 
the latter ; it was a worker 
minor. I left it close to 
It showed some signs of terror and was 
just running away when a smaragdina worker caught hold of 
one of its legs. The setipes doubled itself, attacked smaragdina 
in return with mandibles wide open, but was soon overpowered 
by an overwhelming majority of the enemy. As described above 
they ' set ’ it and in 15 minutes’ time it was more than half dead 



BUG. 22.— MyiOUCGOGYSlUS SBTIPES WOE.KER 
BEING Sl'RETCHED TO DEATH B¥ THE WORKEHS 

OF (.Ecophylla smaragdina. (Prom a 

PHOTOGRAPH.) 

the foot of the tree 
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and was consequently removed up the tree. In this case only four 
workers joined in the attack, and in a comparatively short time 
the seti'pes was done with. The fact of the victim being a worker 
minor, accounts for less time and less number of smaragdina workers 
required to subdue it. 

‘ ‘ To determine which is stronger of the two in a single-handed 
fight I put one smaragdina worker against one setipes worker. The 
former played its usual trick of grasping the leg and the setipes 
doubled itself to bite off smaragdina’ s thorax. The smaragdina at 
once put its abdomen between the thorax and the strong mandibles 
of the setipes to obviously save the body from being cut into two 
pieces. The thorax of smaragdina is generally very narrow and 
delicate, and especially so at the apex of the metatliorax where it 
is joined on to the abdomen, by means of a thin pedicel, the spot 
aimed at by the setipes. The abdomen was scjueezed and drops of a 
colourless fluid oozed out. This fluid appeared to be offensive 
to setipes for it never turned its mandibles again that way. 

“ The smaragdina being hght in weight was dragged by the setipes 
for a few feet, but it still firmly clung to one of the legs. The setipes 
tried hard to shake off the chnging srmragdvm^ but in vain. After 
fifteen minutes’ close scuffle both fell exhausted in each other’s 
embrace.” 

On several subsequent occasions I observed workers of (Ecophylla 
smaragdina killing beetles {Opatrum sp.y^ and bugs in the aforesaid 
stretching ” manner. On another occasion I noticed on the 
trunk of a Sissoo tree scores of workers of this species constantly 
walking up and down. In a neighbouring plot I found a plant 
badly attacked by caterpillars. I took a leaf of this plant which 
was covered all over with dirty coloured caterpillars, and laid it 
close to the trunk of the Sissoo tree. The smaragdma workers 
noticing the caterpillars fell on them voraciously. They mutilated 

* 1 have even seen the giant Oarabid beetle {Anthia sexiiuttata) attacked and overpowered 
by members of these red tree ants. The process of killing by stretching of the legs always 
seems to be practised when living beetles are attacked. Deatli is probably due to stretching of 
the nerve-cords of the victim. — T. B. F, 
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tlieiii, cut tliem up on the spot and then carried them oh, up the tret^ 
to their nests. One thing I marked Avith a special interest in this 
connection. There Avas no strife betAvecn the AAmrkers over the dis- 
tribution of the booty. Whosoever managed, to lay its mandibles 
first on a caterpillar Avas acknoA^ledged the undisputed possessor. 

On this tree I found several small nests (I took them to be such 
at first) AA^hich consisted of a feAV, say 15 or 16 , sissoo leuAT-es rolled 
up and fastened together by the white silky web. On taking doAvn 
and opening up tAvo or three of such nests I found they did not con- 
tain Avinged sexes of this ant, but were solely occupied by the workers 
and a feAv lai’A^'se. On green leaves which formed the inner apart- 
ments were noticed Coccids {Lecanmm hesperidum) in large num- 
bers. I concluded, therefore, that these small leafy constructions 
Avere not the nests, as I took them at first to be, but aawc the cattle 
sheds of the big colony of this species of ant, which had established 
itself on the tree. 

The Avorkers take A'^ery great care of their cattle ; I have observed 
them on several occasions removing the Coccids A^'ery gently betAveen 
their mandibles, from such leaves as get withered (on account of all 
the sap having been drained of) and laying them on to fresh leaves. 

Like many other ants this species is also mimicked by spiders. 
In my collection I have tAvo such spiders ; and resemblance in the 
case of one spider to the ant worker is exceedingly striking. The pupa 
of tins species are found naked in the nest, i,e., not encased in cocoons. 

My friend Mr. P. C. Sen (Entomological Collector, Bengal) 
tells n.Le that this ant is A^ery common in certain parts of Eastern 
Bengal and Assam. Nests are generally found on mango trees, 
and consecjuently the Avorkers of this species are very troublesome 
to mango pliickers in the mango season. On some trees they are 
so abundant that men caimot climb up for fear of tlieir bite Avhich 
is very painful. In such cases they pluck mangoes by means of 
bamboo-poles or some such other thing. This ant, though a serious 
nuisance in this way, serves a useful purpose on the other liand. 
In Eastern Bengal people tie a small basket to the end of a bamboo- 
pole AAdiich they raise and thurst into a big leafy nest of this ant. 
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A couple of sharp jerks are then given to the pole with the result 
that the larvsc, pupae workers, etc., fall thick into the basket, 
wliich is taken down. To get rid of the workers and vdnged sexes 
handfuls of ashes are thrown into the basket. Larv^ and pupae 
are picked out then and are used either alone or with powdered rice, 
as baits for catching fish. 

It will not be out of place to quote here the following interesting 
note which appeared in the Journal of the Bombay Natural History 
Society, Vol. XIII, p. 536, under the signature of Mr. A. M. Long : — 

‘ ^ The Alurries of Easter — ^the southernmost Native State in 
the Central Provinces — ^use the red ants as a regular article of diet. 

‘‘ Throughout the year, but more especially during the dry sea- 
son, the Pur j as — a sub-class of the Murries — collect nests of red 
ants and after tearing them open shake out the contents into a cloth 
and beat the insects mature and immature into a pulpy mass with 
a stone, and when all are dead enclose them in a packet, aboiit the 
size of a goose’s egg made of sal leaves. In this condition the article 
is taken to the bazaar and sold for a pice. To prepare the squashed 
ants for food they are mixed with salt, turmeric and chillies and 
ground down between stones, and are then eaten raw with boiled 
rice. They are sometimes cooked up with rice flour, salt, chillies, etc. , 
into a thick paste ; and in this condition the food is said to give the 
eater of it great power of resistance against fatigue and the sun’s 
heat.” 

Economic — ^We have seen above that the workers of this 
species readily attack caterpillars, and consequently very few cater- 
pillars are found, if at all, on such trees as have colonies of this ant 
established on them. Next we see that these ants tend Coccids and 
Membracids which are injurious insects inasmuch as they extract 
sap from the branches and shoots of trees on which they are found ; 
but pipal and sissoo trees, on which colonies of this ant generally 
exist, are so vigorous and healthy in growth that the damage done 
to them by these Coccids and Membracids never comg^fstetrjafay,,^ 
appreciable amount. Again, we notice that in oim 
and the pupae of this ant are used as baits in another 

rS library. 
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jiLtcp fis ail article of regular diet. Lcist bill) not tlie least, iu 
reiiioviiig to its nests dead insects and tlieir broken limbs, wliicli 
if left on tlie ground would rot and decompose, this ant does the 
work of a good scavenger. Taking into consideration all the above 
points, I am of the opinion that this ant is both beneficial and 
useful, although in valuable fruit gardens it is sometimes very 
troublesome. 

Myrmecocijstiis seti'pes, Forel. 

Ants of this species are common at Pusa and are found through- 
out the year. They make their nests underground and I have seen 
these both in hard and in sandy soils, and also in high banks of 
earth. If the nest is a long-estabhshed one, the entrance to it is 
more or less a transverse sht, and not circular as in the case of many 
other ants. Outside the nest there is to be seen a heap of earth 
dug and thrown out. The transverse slit and the heap of earth 
outside a nest are characteristic features of the nest of Myrmecocys- 
tussetipes. 

I have not been able to ascertain definitely the inner structure, 
of a nest, but having dug up several of these, I conclude that the 
main path in a nest, after the entrance, hes in a horizontal direction 
for a little distance, then it gradually goes deeper and deeper in an 
oblique direction, after which it branches off into different sides, 
leading to various chambers set apart for definite purposes, e.f/., the 
eggs and larvae chamber, the pupae chamber, the Queen’s chamber, 
lumber rooms, etc. In the last named room all sorts of rubbish is 
thrown, such as empty pupae cases, wings, hard integument and 
useless parts of insects brought into the nest. 

Workers of this species carry all sorts of things and insects to 
their nest, such as fruits of Ficus trees, milhpedes, grasshoppers, 
Neuropterous insects, wasps, ants, beetles, moths, bugs, etc., living 
winged and wingless Termites are also carried into the nest in largt'. 
numbers. In the case of winged ones the wings are clipped ofi: and 
thrown into the ^lumber room’ and the wingless ones are carried 
into the store chambers, where they are packed in groups of twenty 
to thirty. Plundering habits of this ant have also ^ been observed, 


^'}nce a worker of Iridomyrmex anceps was carrying a dead Bpliegid 
wasp {Crahfo sp.) and a worker of setipes waylaid it. The last 
named caught hold of anceps and violently shook it with the dead 
wasp. The wasp dropped from the grasp of the anceps and the 
anceps from that of the setipes. The setiypes could neither see the 
wasp nor the anceps, although both were lying close to it on tlie 
right hand side. The setipes commenced a search in the opposite 
direction and in the meantime another anceps turned up on the 
scene and l^oth the anceps earned away the dead wasp. As re- 
gards tlie sight of these big ants, such as Mynnecocystiis setipes, 
Camiponotus compressns, Sima nifonigra and the like, my belief is 
that they can see in particular directions only. I have noticed 
workers of these grappling with their victims on diherent occa- 
sions and generally missing them after the first onslaught, though 
they were lying quite close by. 

In the last week of March 1908 at Wazirabad and in the 
middle of April 1908 at Lahore (Punjab) I got beautiful winged 
specimens of a male ant. Most of these were collected on the 
banks of the Chenab and on wet soil, but on two different occa- 
sions I captured a couple of these near the entrance to a nest 
of Myrmecocystus setipes under circumstances which made me sus- 
pect these to belong to the nest, and to be the males of this 
species. This point was established when in March 1909 on my 
digging up a populous nest of this ant I found nearly a dozen in- 
sects, similar to the supposed males, running out of the nest. 
These males can fly to a very great height and (unlike other 
winged ants) cannot be caught easily by hand. 

In the Fauna of British India; Hymenoptera,” Vol. 11. 
p. 312, only the worker of this species is described ; the females of 
this species were secured by me long ago and there was no difficulty 
experienced in identifying them, for the workers and the females are 
almost identical in general appearance, only the formei: are smaller 
and wingless and the latter larger and winged. The male bears no 
resemblance either to the female or to the worker in colour or 
appearance. I describe it as follows : — 


LIIE HISTORIES OF INDIAN INSECTS (HYMBNOPTERA) , 

Mpmecocystus setipes, I’orel. o (Plate XIV, Kgs. 7 &7a). Head not. 
so broad as the thorax, covered from behind with long glistening 
•silvery wliite hairs ; mandibles narrow near the basal portion, wide m 

the middle, and haying the apical portion formed into an acute trian- 
gular tooth, close to which there is another blunt tooth on the inner 
niaigin. On the outer surface there are a few large shallow punc- 
tures and long pale hairs ; antennae 1 3 jointed, scape very long, equal 
in length to about 8 basal joints of the flagellum ; clypeus convex ; 
eyes larc-e and prominent; ocelli distinct, placed in a triangle on the 
vertex a distinct fovea in front of the anterior ocellus, and from 
this runs a smooth longitudinal line down to the top of the frontal 
area. Thorax compressed ; pronotnm slightly below the level of the 
mesonotum which is convex and bears in the middle a smooth 
longitudinal line ; scutellum prominent ; metathorax gradually sloping 
towards the apex, covered with short, soft, white recumbent pubes- 
cence. Node of the pedicel is convex in front, concave from behind, 
covered with a few long white erect hairs. ^ Abdomen cylindri- 
cal, segments glabrous above, their basal portion constricted, ven- 
tral side covered with long pale hairs. Genitalia very large, exserted. 
Head and thorax black, chalybeate in certain lights, remarkably 
so in feesh specimens. Legs (excepting 00 x 00 , trochanter and the 
basal portion of femora which are black), apical joints of flagellum 
and the abdomen ferruginous. Wings hyaline, the nervnres thick, 
radial cell fuscous. 




Length .12 mm., expanse 17 min. 


/I 



Acantliolepis frauenfcMiy Mayr., var. hvpdftitd, Sm.. 

This is one of the fast running ants and is easily confounded 
with the other small black ant (Prenolefis longicornis, Latr.) which 
also runs very fast. T have seen the nests of this species undergroum 1 
near the foot of trees, bamboo clumps, and in cracks and hollows 
in pucca, masonry. The workers are generally found running up 
and down the trunk of such trees as Tectona, Delhergia, Fious^ etc. 
Evidently they have their cattle byres on these trees for the ants 
that descend invariably have their abdomen considerably distended. 
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Once I noticed tliem congregating in large numbers on smoked 
combs of Polistes Jiebrceus and Apis florea, F. These ants have 
been observed to attend Aphides on Ak {Galotropis gigantica) and 
Coccids (Aecam'wm sp.) on orange trees, and also to cany dead 
insects to the nest. Winged sexes have been obtained from the 
nests during July and August. Pupse are encased in cocoons. 

Prenolepis longicornis, Latr. 

The nests of this species are generally underground and the 
entrance hole is sometimes covered with dead and fallen leaves. 
Once I came across a nest which was located in the trunk of a fig 
tree, just near its base. There was a big hollow in the trunk about 
a foot and a half from the ground. Inside this the wood was decay- 
ed and reduced to soft pulp. On my removing this soft woody 
material from one side I found underneath it countless workers, 
larvae and eggs of this species and also tunnels and galleries leading 
far inside into the trunk. 

From another nest which was discovered near a thatched house, 
and was hidden from view, being covered over with dead leaves, 
I secured a specimen of Merismoderus hensoni, Westw. (Paussidse). 
This is one of the fast running species of ants. 

Camponotus compressics, Fabr. 

This species is very common at Pusa, workers being seen 
almost throughout the year. During the rains they become abun- 
dant, but get scarce towards winter. 

The nests are generally found underground at the foot of trees 
and bamboo clumps. They are sometimes found in the walls of 
houses also. 

On account of its sugar-hunting habits and excessive fondness 
for sweets this species becomes a regular nuisance, during wet 
weather, in store-rooms where jars of sugar and pots of jaggery are left 
without tight covers. The workers feed on dead insects also. The 
fleshy portion is extracted and consumed on the spot, but when a 
worker succeeds in chopping off a larger slice of flesh, it is seen 
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trotting of]; to tlie nest with it. Once I noticed tlieiu carrying the 
pupse of Af is florea, F., which they extracted from tlic ceils of a 
comb fallen on the ground. 

This species is a well known ‘ cattle tender ’ and the woi'kers 
have been observed feeding on the honey-de’w exuded by 

1. Membracids [Oxyrliacliis tarmidus, Fabr.) on Babul (/Icnnn* 
arahica). 

2. Ceicopids {Maclmrota pkmUke, Dist.) on Ber {Zizyfhm 
jiijuha). 

3. Aphides : [a) on yegetable beans. 

(6) A greenish-blue species on Maize {Zm> 'inayd), 

4. Coccids : (a) Asterolecanium mUiaris, Boisd. var. rohista. 

Or., on Bamboo. 

(5) Dactylopiiis sp. on a wild bush. 

(c) The Lac Insect, TacIicmUa lacca, Kerr. 

This ant is a source of regular annoyance to the hrc grower. 
In their eagerness to obtain. ‘ honey-dew ’ the workers of this species 
often nip oh the white filaments, the two anterior of which are con- 
nected with the respiratory apparatus of the Lac Insect, the Coccid 
being killed consecj^uently. 

This species has been observed at Pusa to attend the caterpillars 
of Catochrysops cnefus, F. {Lycccnidm) also. Three or four worker’s 
may be seen with a single caterpillar at a time, some stroking it 
with the antenufB and others getting on its back. The catcn-’pillar 
does not resent the overtures of the ant and in some cases it has been 
found essential to keep the ant and the caterpillar together for the 
successful rearing of the latter. 

The caterpillar discharges through a crescent shaped a,pertin‘(‘. 
situated on the 7th segment a drop of a white, very slightly viscous 
.fluid which is greedily licked off by the ant. The caterpillar (;an. 
close or open this aperture at will, and, through the middle of tJiis, 
the fluid is excreted. The ants are in the habit of examining, rat hoi*’ 
feeling, this portion with their mouthparts from time to time to 
ascertain if any fluid has collected there. 
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On days of brisk showers followed by close atmosphere during 
the rainy month of J uly the winged sexes of this- species take flight 
just at the time when darkness sets in. On such evenings scores 
of females and males of this species are attracted to hght. 

A 'worker luajor was once observed moving about with the mider- 
side of the thorax touching the ground, the whole body stretched 
to its full length, tLiriiing the head from left to right and vice versa, 
as fast as its massive ugly size admitted ; in short, it was in an ex- 
tremely annoyed aJid perplexed condition. 1 could not understand 
what had troubled it. After a closer examination I noticed a small 
reddish ant being vc].y roughly caught, squeezed and lastly mutil- 
ated by the worker major. I picked up the small ant, but the corpse 
was too mangled to be identified. On subsequent occasions when- 
ever I sa-w a worker major of this species in this dazed condition 
I was sure to find some dead or dying small ants close by. I have 
also -witnessed conqyressiis' wholesale massacre of the helpless Ter- 
mites -whenever the latter happened to be open to view. 

In this species, I think the colony is founded by a fertilized 
female singlehanded. On three diherent occasions, while digging 
up some nests, I found an oval chamber inhabited by a single 
female of this species with about half a dozen young larvas and 
two or three cocoons, 

PolyrJiachis simplex, Mayr. 

I reproduce here my note on this species which has already 
appeared in ‘Indian Insect Life.’ 

Nests of this species are found on low bushes, high trees, 
under bamboo sheaths, and on sugarcane leaves. The nest is always 
constructed in such a way as cannot be easily discovered by a casual 
eye. A greater portion of it is covered over by leaves and the por- 
tion open to view is not easily recognisable. It looks from a dis- 
tance as if it were made of clay and cowdimg mixed with dry pieces 
of leaves, stra w and grass. In reahty it- is a brown silky cobwebby 
material, over which are thickly and closely laid dry pieces of leaves, 
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straw, etc. Just as (JEcopJiylla smcmgdina workers make use of saliv- 
ary threads secreted by their larva3 in folding the edges of leaves 
togethe],‘j so do the workers of this species. They catch hold of the 
larv£e between the mandibles and carry them over to the places 
where the web is required to be spread. The larvae go on laying and 
stretching threads mechanically as wanted. Other workers bring 
dry pieces of straw and spread them over the web while it is still 
fresh. When a nest is cut open from any part a few of the 
workers at once rush up to the spot and plant themselves as 
sentinels to guard the breach, while others remove to a secure place 
larvis and pupa) or whatever be in that portion of the nest. After 
the chamber opened to view is cleared of what it contained, the 
workers hold the torn portions between their mandibles and pull 
inwards. Thus the aperture is made as narrow as possible, and 
then a couple of larvae are brought and the web is drawn across the 
rent in the usual way. The whole inside of the nest is lined with 
the brown silky cobwebby material, and the partitions between 
different chambers are also made of this material, but without 
.straw. 

‘‘ Antsof this species also tend cattle for whose protection they 
prepare byres of the same cobwebby material and cover also in a 
similar manner as their nest. Such byres were found on a sugarcane 
leaf, and also on a weed, close to established nests of this species. 
Workers were seen going in and coming out of those cattle sheds. 
On removing the covering large clusters of sugarcane Aphis were 
found in the former and MonojjMebus in the latter shed. Workers 
of this species have also been observed carrying a large dead fly 
to their nest. Pup^ are encased in light brown cocoons. The 
winged sexes were obtained from nests in August and September."’ 

It has been said in the foregoing pages that the pupse of (Eco~ 
phylla smaragdim are naked, and those of Myrmecocystus setipes 
encased in cocoons. Smaragdim nests in trees, and setipes under- 
ground. The larv£e of the former produce silk thre ads and so do those 
of the latter. The former uses them in binding together the leaves of 
trees for the nest and the latter in spinning cocoons inside which 


aOBINl) RAM DliTT. 


267 


they pupate. The question, therefore, arises why should not the 
iarvas of smaragdtna pupate inside cocoons when they can produce 
so niucli silk as enables them to prepare nests of such large 
diniensions ; and why, on the other hand, should setifes not nest on 
trees when the larvae can secrete silk thread which may be used for 
folding the leaves together? If it be urged that the smamgdina 
larvae do not spin cocoons because they find the inside of the leafy 
nests quite soft and sheltered I shall quote the instance of Folg- 
fhachls nimflex, which to me appears to occupy an intermediate posi- 
tion in this respect, between the two species. The ant nests on trees, 
the larvae are used like those of smaragdim for constructing 
the nest, all the apartments are lined with silk from inside, and yet 
the larvae pupate inside cocoons. If, on the other hand, in the cattle 
tending habit of snuimgdim and simplex is found an explanation 
for their nesting on trees, then the position of such ants as tend cat- 
tle, but nest underground, becomes unaccountable. In this con- 
nection Iridomyrmex anceps and Camponotus compressus, etc., may 
be taken as examples. If there is any particular reason or motive 
in this, perhaps the ants know it best ; at least it is beyond my 
comprehension. 
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INTEODUCTIOK 

The following paper gives the detailed results obtained in a 
® large series of tests of poisons on caterpillars. These teats were 
made in the hope of finding a substitute for Arsenicals. When 
Lead Chromate was discovered the work was stopped as the prac- 
tical result had been attained, but it is desirable to publish the 
detailed results as a contribution to the study of insecticides. Some 
of the various compounds found to have definite poisoning or 
deterrent action may be of value outside India though they are 
of no value here and the detailed results are on a large enough 
scale to be reliable. This work was done several years ago and 
its publication has been delayed by the pressure on both of us of 
other work. 

The 21st October 1912. H. M. L, 

R.S.F. 





INQUIRY INTO THE INSECTICIDAL ACTION OP 
SOME MINERAL AND OTHER COMPOUNDS 
ON CATERPILLARS. 

RV 

H. MAXWRLL-LEFROY, m.a., p.k.s., p./.s., 

AND 

R. >S. F INLOW, B.Rc., F.o.s. 

The use of poisons for the destruction of insect-pests has become 
almost universal in modern agiiculture where skilled labour is 
employed and where the value of the crops is sufficient to warrant a 
considerable expenditure in the prevention of loss from tliis cause. 
Though vegetable poisons were, perhaps, the earliest in use, as the 
aldi plant or the nim in India, modern entomology has developed 
the use of virulent poisons, which can be applied in very small quan- 
tity and yet be sufficient to render growing plants poisonous to many 
classes of pests. Arsenic is the only poison now employed on a 
large scale to poison the food of insects, and its various compounds 
have been in constant use for over half a century. Compounds of 
arsenic all have one disadvantage, in that careless application renders 
the crops poisonous not only to insects but to cattle. The careful 
application of standard arsenical washes to a fodder crop, for 
instance, will give it immunity to many insect-pests such as leaf - 
eating caterpillars, grasshoppers, etc., but should the strength of the 
standard wash be exceeded, cattle to Avhom it is fed will show 
signs of arsenical poisoning. In the United States this does not 
appear to be a disadvantage, any crop that is sprayed being fenced 
from stray cattle that would be likely to feed in such a crop, but it 
lias been recognised that the poisonous nature of the arsenic is 

X. 
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an almost insuperable objection to its general use in Iiuli;in 
Agriciiltiire. 

The use of arsenic as an insecticide appears to liavc been sug- 
gested originally by its poisonous action on liiinian liiungs. 
digestive processes of insects are of a different nature and it is reason- 
able to suppose that there may be compounds which arc poisonous 
to plant-eating insects and innocuous to cattle and man. The use of 
borax as a cockroach poison is a case in point where an insect 
can be destroyed by a substance which is far less harmful to man 
and domestic animals. 

The following pages ghm an account of the experiments made t-o 
determine how far other siibst.ances than ai’senic were poisonous 
to plant- feeding insects. The basis of the encpiiry was a slender one, 
as there was little to show what class of compound would be lilvcly 
to be effective. Apart from theoretical considerations, a substance 
to be a practical vsuccess must be (1) readily obtainable, (2) unaffect- 
ed by rain and atmospheric influences to a. considerable extent. 
(3) cheap, (4) without eflect on plants, (5) effective at weak strengths. 

Substances soluble in water would be washed off by rain and 
would be liable to injiirionsly affect plant tissues ; Copper 
sulphate is a substance distasteful to insects, Init it is soluble in water 
and exerts a considerable poisonous influence on living plant tissues. 
Lime on the other hand is insoluble in water, resists atmosplieric. 
influences, hut is ineffecthm unless applied very densely to plants. 
One of the advantages of arsenic is its virulent action. A plaid- 
sprayed with water containing as little as one part by weight of lead 
arseiiiate in one thousand is poisonous to many insects ; at a strength 
of 1 in 500 (1 lb. in 50 gallons of water), the fluid is the standard 
spraying mixture and renders plants poisonous to all 
insects. Paris green (Copper Aceto-Arsenite) is still more 
and can be used in smaller quantities. Evidently then it 
an advantage to have a compound that is very insoluble in 
that is unaflected by the atmosphere, that will not injure the 
and that will be effective when applied in small 
choice of compounds to test was no easy matter ; omitting 
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compoiiiids, the compounds of boron are alone indicated among 
mineral compounds, unless we include such poisons as antimony, 
mercury, lead, which affect man. Borax and allied compounds 
uwe worth testing on the analogy of the cockroach poisoning, and. 
were included on that account. Other known insect poisons, 
used mainl}^ as contact poisons, did not seem worth testing as their 
action is known. These include (1) soaps, (2) petroleum and min- 
oral oil, (3) alkaloids of tobacco and other plants, (4) such compounds 
as phenol in the form of carbolic acid, sanitary fluid, creosote oil, etc., 
(5) rosin, (6) sulphur. The last is a known specific for special pests 
such as red spider, but does not appear to act as a stomach poison 
to insects at the strength usually applied ; it was however included. 
With these considerations in view, a selection of insoluble compounds 
was made, which were tested -with a number of compounds of boron. 
The substances selected were such as were readily obtainable or 
which were worth preparing for some special reason. The original 
aim was to investigate the comparative effect on insects of these 
{’ompounds with a view to eliciting any general facts that might aid 
in the later selection of suitable compounds for final and exhaustive 
trial, working from these to a compound that would be a practical 
possibility on a large scale in the field. 

PreUminary.—A set of tests were made on larvae of Caradrina 
exigm feeding upon lucerne. Approximately ecpial quantities of 
the powdered substance were taken, by volume, and placed in wide- 
mouthed glass stoppered bottles with equal volumes of water (65. 
C.C.), The food was placed in the shaken up liquid, the bottle shaken 
up and the leaf removed and dried. All were given as much to 
eat as they required and were kept under the same conditions as 
normal larvae which were reared upon impoisoned food. The leaf was 
found not to be easily wetted so it was just dipped in alcohol and 
then into water to break the surface film ; the leaf was then easily 
wetted in the poisoned water. The following compounds were 
thus tested for one week, and as a result of the test those in italics 
were omitted from further tests as being unsuitable. Borax, Copper 
Sulphide, M.agneskm Carhonate, Boracic Acid, Zinc Oxide, Antimony 
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Sulphide, li'on Sulfhule, Manganese Dioxide, Barnim iUirlsnialv , 
Magnesium Oxide, Lead Carbonate, Lead Sulphide, Len,d P(vi-oxid(' 
(Red Lead), Barium Borate ; Copper Borate, Lead Borate and 
Barium. Oxalate, were afterwards added. The basis of seJection of 
these substances excepting in the case of Borax and Boric. Acid was 
the property of forming insoluble compounds with Pliosphoric Acid 
which is said to be present in large quantities in the alimentary canal 
of caterpillars generally. It was thought tliat if this is the case, 
the alimentary process might be interfered with to sudi an extent 
as to incapacitate the caterpillars for further da.inage, by ad minister" 
ing with its food, sufficient amounts of bodies which form, insoluble 
compounds with phosphoric acid. As a, josult of lhes(‘. tests, an 
attempt was made to secure greater accuracy. It wa.s found, for 
instance, that young larvse were poisoned mor(’i ra])idly than slightly 
older ones ; also that larvae nearly full grown were apt to pupate 
before their time, apparently under the influence, of sliglit) |3oisoning 
or because they objected to the food given. Larvie more neai’ly 
of an age and not near to pupation were then used. It was decided 
that it was useless attempting to give known amounts of food and 
more accurate to give as much food as tliey could eat. 

The chief way in which accuracy could be obtained wa.s by using 
as far as possible chemically equivalent amomits of each compm;u,id. 
Some additional compounds were added as stated al)ovc, viz., 
Barium Oxalate, Lead Borate and Copper Borate. 

The amounts used are weighed in H. equivalent of Arsenic in 
Lead Arseniate (Pb,-) (As OJ 0)5 f^'king 1 gramme of Lead Arseniatc 
in 100 c.c. of water as standard. 

The weights actually used are, per 300 (j.c. of water : — 


Lead Arseniate 

.. (-MO) 

89-87 

forinnla. a 

isnmed 





(Pb« (A 

'0,).q 


Lead Carbonate 

.. {- 2) 

133-45 

PbCO, 


4-44 

Lead Sulpliicle 

.. (-2) 

119-5 

PbS 


3-90 

Red Lead 

•• 6) 

114-1 

Pb .,04 


3-7 

Barium Bora, to (?) 

.. (-M2) 

24 

Ba B., Oj 

(b 

0-8 

Boracic Acid 

• • (S- 3) 

21 

B(OH)s 

0-7 

Borax Aq. (10) 

.. (-rl2) 

32 

Na„ B^ 0, 

r lOHoO 

1-0 

Copper Snlpliidcj 

- (-^ 2) 

47-83 

Cub 


1-0 
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Zinc Uxitlo 
Antimony Sulphide 
(Joi>per ,B(n’ute (?) 
Lead Borate (?) 
Barium Oxalate 


(v 2)40-7 
{-r 6) uO 
(4-12) IS 
(4-12) 30 
( 4 -. 2 ) 122 


ZnO. 

Sb, S, 

Gu B, 0, (•?) 

PbB.i O7 (?) 

Ba 0, 0., 


1*3 

1-S 

0-60 

1-00 

4-1 


gr. per 300 c.c 


1 gr. per 100 c.e. is etpiivaleut to 1 lb. of Load Arseniate in 10 gallons of water, which is 
quite .j times us strong as the standard wash and i.s three times as strong as the strongest wash 
ever vised. 


Estimation oj ‘poisoning ejfed . — The larva© used weie kept in 
boxes or open dishes, fed with fresh food dipped in the poisoned 
liquid. Every precaution was taken to ensure an uniform distri- 
bution of the poison in the liquid and of the liquid over the leaf. 
The leaf was then dried and sufficient given to the caterpillars. 
The amount actually given was so arranged that the larvae would 
eat at least fifty per cent, of the food ; when too much was given the 
larvae could pick out leaves not so much poisoned but by causing 
them to consume iieaiiy all the leaf, the absorption of approxi- 
mately equivalent quantities of poison was ensured. The larva? 
were fed twice daily and were under observation at intervals thi'ough- 
OLit the day. As each died the time was noted on the cage slip. 
A sample cage slip runs as follows : — 


Copper Borate. To gms. (per 300 c.c.) 0. 
20 caterpilkirs put in 0 p. 


Mxi'jim. 

21. V. No. Time. Alultiplc. Average. 


i died 4 r. .m. 

. . 22. V. 

1 

22 

22 

4 died in night of 

.. 22. VC 

4 

30 

120 

(3 parasitised removed). 

2 died iiv night of 

. . 23. V. 


54 

108 

2diedJ0A.:M. 

. . 24. V. 

2 

66 

132 

2 died 2 p.m. 

. . 24. VC 

2 

70 

140 

4 died 5 p.m. 

. . 24. V. 

4 

71 

284 

1 died in night 
(1 parasitisevl 

. . 24. V. 

. . 25. V.) 


80 

80 

16 


886 56 



in 7 a,m. 

. . 25. V. 




2 died in night of 

.. 26. V. 

2 

41 

82 

2(_died in noon 

. . 27. V. 

2 

53 

106 

1 died 5 p.m. 

. . 27. V. 

1 

58 

58 

4 died in night of . . 

. . 27. V. 

4 

65 

260 

4 died at 5 p.m. 

. . 28. V. 

4 

82 

328 

2 died in night 

. . 2.8. V. 

2 

89 

178 


15 


10J2 67 
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in 8 a. in. 

.. ]. VI. 

No. 'J’iin 

p. Multiple. Average. 

1 died at noon 

.. l.VI. 

14 

4: 

7 died in night of 

.. J.VI. 

7 l(i 

112 

, 1 died in night of 

( 1 parasitised). 

.. 2. Vi. 

.1 40 

40 

a died at noon 

.. 5. Vf. 

;i 100 

12 

OOO 

4i50 OS 


To compare tliese, tlie hours from time of being put in to time 
of death are put clown on the right hand column. These figures 
are then averaged up and the average taken as the poisoning value of 
that compound at that strength and on that insect. The average 
ill this case is 54 and the results shortly stated are that the jinisoning 
period (Lethal Figure) of Copper Borate at (hradrina ('xigua is 

54 hours. The larger this figure the slower or less elTeetivc' tJu' poison. 
The figures for the compounds tested are tabulated below : — 


Table 1. 






Aiiiouiit 







Eiguri . 

I'iitcrpillsiiv:. 

Copper Borate . . 





4S 

no 





*2 

r.o 

no 





i-2;{ 

10 

7. *5 

Coiipor Sulphide 





4S 

d.") 

Antimony Sulphide 




•0 

20 

HO 

Bed Lead 




r2.{ 

41 

do 

Lead Snlpliidc . . 




i-:i 

40 

dS 

Zinc Oxide 




“4:5 

4d 

42 

Lead Oarhonato 




l-4(i 

7S 

12 

Eariuiu 

Borax 




i-:i() 

■oo 

none 


„ 




i-oo 

1 'vr 

is 

Borax and 

Lae. 




I'OO/ 1 

ir. 

17 

Boric xVciil 




5‘ 1 5 ( 
■2;} 

none 


,, „ and ) 




•7 

*7) 

OT) r 

07 

20 

Lac, j 




i do 

Os 

Baidu vn Borate , . 




I -2 ! 

i lUilie 


Lead Bo rate 




I'S j 

1 d 1 

70 j 

10 


In the next table, the maximum, minimum and lethal figures 
are given for each compound for each kind of larva expeiimenied 
with. The lethal figure is given as a fraetion the numerator of which 
represents the average duration of life in hours and the denominator 
the mimlier of larvae killed in that time. 
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Table II. 


Name. 

Amount. 

Lethal riGUEE. 

Larva. 

'.‘o 

Minimum. 

Mean. 

Maximum. 

Copper .Burafce 

.5 

15/4 

48/53 

84/4 

C. exigua. 


■5 

7/.1 

36/12 

54/3 

F. littoralis 


•r> 

20/3 

UjU 

78/1 

A. plexippus. 


•2 

21/3 

15/2 

50/50 

84/2 

C. exigua. 


•2 

42/7 

62/10 

66/2 

A. plexippus. 


•2 

18/2 

90/2 

F. littoralis. 


i-2;3 

6/5 

40/73 

66/4 

63/4 

C. exigua. 

Copper Sulpliiilo 

l- 2 'l 

6 /G 

18/16 

A. ple.xippuR. 

•53 

27/G 

48/55 

69/4 

C. exigua. 


'53 

16/1 

38/5 

52/1 

P. littoralis. 

Antimony Sulphide 

•53 

18/2 

49/6 

78/1 

A. plexiiRHis. 

•(5 

G/5 

23/80 

67/3 

0. exigua. 


•G 

7/5 

19/23 

54/2 

A. plexippus. 

Red r.ead 

1-23 

7/4 

41/50 

66/6 

C. exigua. 


1-23 

24/3 

36/13 

57/1 

A. plexippus. 


1-23 

16/1 

44/9 

76/1 

F. littor<xlifi. 

Lead Sulphide - .. 

1-3 

m 

40/58 

40/10 

125/2 

C. exigua. 

1-3 

16/2 

60/2 

A. ple.xippu,s. 

Barium Oxalate. 

1-36 

abandoned a 

■s without e 

ffect. 


Lead Carbonate 

1-40 


78/12 



Zinc Oxide 

•43 

S/'i 

45/42 

97/3 

C. exigua. 

Borux 

•43 

no e fleet 

(6 used) 


A plexippu.s. 

•33 

no effect. 


0. exigua. 


1-03 

12/2 

41/i8 

iii'/i 

„ 


ro3 

19/2 

36/9 

79/1 

P. littoralis. 


ro3 

43/2 

52/8 

63/2 

A. plexippus. 

Borax and Liic 

rj-03) 

15-10/ 

5/4 

45/17 

120/4 j 

C. exigua. 

(Soap) 

S-JG 

30/1 

42/11 

72/1 1 

A. plexippus. 

Boraciic Acid , , . . 

*23 

no e 

Ifect. 


(starvation). 
C. exigua. 


•7 

15/1 

67/20 

92/3 

C. exigua. 


*7 

30/6 

35/8 

54/1 

P. littoralis. 

Boracic Acid and Lac 

{■/.} 

24J2 

50/38 

75/4 

0. exigua. 

Barium Borate 

died of a 

tarvation. 


A. idexippus. 

0-2 

1-8 

no result. 
36/1 

54/9 

62/4 

C. exigua. 

Lead Borate 

•33 

54/4 

76/16 

■ 96/4 

C. exigua. 


These figures are on the whole apparent^ valuable ; there is 
a general concordance between successive batches of the same 
species treated similarly ; the average figure produced is a useful 
index and the high poisoning figure of antimony (23) really represents 
a very great mortality of the larvae about that time. In the case of 
dnos'ia 'lilexiff us, a very marked disinclination to eat the leaf in 
some cases led to starvation and poisoning cannot be said to hove 
occurred. As a result of these experiments, certain conclusions were 
arrived at ; borates do not exert a marked poisoning effect ; copper 
borate would appear to be poisonous as a copper salt not as a borate. 
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Of the Lead compounds, Lead Sulphide and .Red I.ead arc 
eciiiivalent, Lead Borate and Carbonate inferior. Barium c-om- 
pounds are apparently innocuous. 

As a check, larvae of Sylepta were fed in exactly the same 
way on untreated food and on food dipped in spirit and watci. 

The following are the results 

No treatment. 

20 caterpillars put in on 11th September, 

17 „ alive on 1 9 th ,, 

16 moths came out on between 25th September and 2nd ( )cl obcj-. 

One pupa was killed in handling. 

Fed ivUh leaves dipped in spirit and water. 

14put inl2tli September 

11 alive 18 th „ 

11 moths out between 25th September and SOtl) Sept(3mber. 
The preliminary treatment of the leaves with spirit, therefore, liad no 
effect on the larvcC. 

These I'esuits being indecisive, a larger range of compounds was 
chosen to elucidate if possible any general poisoning cdfects on cater- 
pillars. The following Table (III) illustrates the results obtained 
with a varied assortment of substances all of which failed 


Table III. 


SubHtaiico. 

Aiuouidi 
in 300 c.c. 
Jiquid. 

llosidt. 


Acctaniidc 

2-0 

1 died in 30. 

2 „ „ 48. 

(5 „ „ 60. 

10 wore left. 

(.3aradi’ina. 

Mctaphcuyk'iic diaiuiiie hydrochlorklc 

2-4 

3 died in 30. 
a „ „ 54. 

2 „ „ 00. 

1 1 were loft. 

Caradriiui. 

Pheuyl hydraziae hydro-chloridc 

i-s 

2 died in 30. 
fi „ „ 60. 

12 were left. 

Carudriiia. 

PotasHUiui cdilorido . . . , 

2-5 

3 died in 24. 

4 „ „30. 

4 „ „ .Tl 

2 were imrasitiscd. 

7 were left. 

Civrudrina. 
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Table III — contd. 


Siiij Miic-e. 

II 

Kesult. 


(Subject. 



liquid. 




f^odiuui Garbijiuitf! . . 

4-4 

4 died in 30. 


t.'aradrina. 

iStaiiiiovis Chlcii'iflc . . 

:pl 

4 „ „ 54. 

6 „ „ 60. 

5 were Icfft. 

3 died in 30. 


t-Viradrina. 

PulaHsiuni Feri’Dfvauidr 

■2'0 

2 „ „ 54. 

1 2 wej'o left. 

1 died in 24. 


Caradrina. 

Botas.sium Ferricvauidf 

PS 

3 „ „ 36. 

(> „ „ 60. 

9 were left. 

2 died in 36. 


(.'araflrina. 

Ma'i’iK-.'iiuiu Sulpliatu 

4-1 

5 „ „ 60. 

12 wore left. 

1 died in 5. 


Caradrina. 

Pici'ic Acid 


1 was parasitised. 

2 died in 54. 

4 „ „ 60. 

7 left. 

1 died in 24. 

Carudriiiit. 

Putasisiuiu Biclirouiatc 

Pt> 

3 „ „ 36. 

5 „ „ 60. 

10 wore loft. 

3 died in 36. 


Cariulriua. 

Movphiiic. . . . . . , 

0‘:i 

2 parasitised. 
5 died in (iO. 
10 were left. 

9 died in 84. 


Civrutlrina. 

Auiaionium Pcrwulphatc 

PO 

10 wore left. 

J3 died in 13. 


Caradrina. 

Aiuuiouium Persulphate 

i-o 

3 „ „24.] 

2 „ „36. 

1 „ „ 52. j 

1 „ „ 100 

1 tiled in 6. 


Average 

23/20. 

Carutlrina. 

Ammonium Pcrsuliihate . . . . 

i 

PO 

2 „ „ 3(5. 

7 », „ 60. 

9 were loft. 

1 died in 6. 


(Sylepl-n. 

Eariiim Peroxide 

2-8 

6 „ 36. 

5 „ „ 60. 

1 „ 72. 

2 84. 
Nt> oft'eet. 

. 

Average 

51/15. 

Caradrina. 

iSodium Benzoate . . 

4'S 

No eft’ect. 


Caradrina. 

(Jatfein . . 

0-3 

1 died in 12. 


Pierid. 

Caradrina. 

Sodium Tartrate 

3-8 

3 „ „ 60. 
10 „ „ 84. 
5 were left. 

1 died in 60. 


Pieritl. 

Zine Sulphide 

pr> 

1 » ,, 168. 

18 pupated. 

No effect. 

1‘icrid. 

T’artaric Acid . . 

2-5 

” r. 


Caradrina. 

Caradrina. 

Alum . . 

5-0 

,, » 




THE HVSECTICJHAL ACtlON OP SOME MINERALS, E'l’C. 


Table III — conckl. 


Subsfcatice. 


Amount 
in 300 c.c. 
liquid. 

ilc.sult. 

Subject, 

Chrome Alum 


5'5 

Died in 3 to 7 day.s. 
No effect. 

Picj'id. 

Sulphur . . . . 


0-5 


Garadrina. 

(Hiiuiiie 


rvo 

” r 

Pici'id. 

ttiradriua. 

Carbolic Acid 


3-0 

;; 

Piorid. 

Caradriua. 

Succinic Acid 


11) 

One died on ac(a>urd; 
of <‘ontai1' effect, 
the acid prodia-inijC 
ii SAU-(> on the “ikin, 
No effect.. 

Picrid. 

( tiradriiia. 

Sodium Sueciimte . . * 


2-S 

No effect. 

Picrid. 

( ‘aradriim. 

Tiiuuie Acid . . 


3-0 


I*i<-rid. 

Garadriim. 

Gallic Acid 


3-I 


Piei'iil, 

Garadrina. 

Bruciiio 


0-3 

,, ” 

Picrid. 

Garadrina. 





(Sylepta, 


In Table IV we illustrate the action oii three different cater-* 
pillars^ of varying strengths of one compound to show tlie degree of 
variation experienced — 

Table IV. 


Substance. 

Amount in 
300 e.c. 

Number of; 
caterpillars. 

Pigure. 




Gins. 




Copper Sulphide 



•5 

20 

30-7 





‘0 

12 

04 





•b 

18 

50 

58 




‘~y 

14 

91 





1T> 

20 

35 





1-5 

13 

70 





1-0 

12 

58 

- 1 




Po 

20 

-12 

43 




1-5 

1!) 

35-8 

1 




4T) 

20 

40 





4T. 

18 

20 

1 




4-5 

It) 

23 

I 31 




4-5 

20 

41 

. ) 




4-5 

4 

24 j 





4-5 

19 

23 





4'5 

20 

27-4 J 





9-0 

20 

32 1 





9-0 

15 

21 

1 




9-0 

18 

33 1 

1 20 




9*0 

20 

23-5 1 

1 i ■ . 

. :? ■ J? 



9-0 

IS 

19 





9-0 

20 

17-5 J 



SptKjicfci. 


J’rn(tL-iiia. 

Caradi'liiii. 

riarid. 
Pi‘od(, lua. 
{I'iei’id. 
Carndrina. 


I’rodenia. 

Caradfina, 


Auu.sia. 

Piarid. 


Prodciiia, 

CaradfiniA, 


LEt’ROY ANl) FINLOW. 


279 

111 Table Y are sliown the results of a number of compoimcls on 
various caterpillars ; we give only the average figure for each ex- 
periment. As far as possible not less than 20 caterpillars, of even 
medium size, were used, but in some cases the experiments totalled 
up to over 100 individuals in all — 

Table V. 




Lethal ihglikes. 

Subritauec. 

? 












Zfl 

(iaradrina 

Anosia. 

% 

A 

S 

5 

Pierid. 



(Jms. 










lodofui'in 

4-4 

10 

la 





13-0 




IT) 

8- a 










0-5 

10-5 

ai 




18-0 



id-7 


0-3 

18- a 

al 




12-5 



20-0 


i-o 








i2 


Arriciiions Oxklo 

2-0 

11-8 









Mercurous Iodide . . 

“•") 

la-G 

14 








Cu]»'o us Cyanide 

2-7 


40 








1-0 

11-2 

41 


33 


17-3 

25-5 




U-Oo 

10-3 



41-5 


20T> 




Lac 

4-0 

18-7a 





13-0 




Borax . . 

m 










Lae Soap 

15-5 ( 










Boric Acid 

2’lj 


aO 








Lac 

10T)I 









Boric Acid 

2-1 


07 

142 ( 
i 52 1 


35 





Borax . . 

3-1 


41 


30 






1-0 


No 

effect 








tJopper Borate 

3' 7 


40 

40 







1-5 


1 30 1 
/ a2 1 

44 








0-G 


aO 

42 


02 





Bari lull Bora te 

0-4 


al 








Lead Arseniate 

:ro 

17-7 

lOT) 



20 

l-i's 


8 



4-.> 








12 

40-3 

Lead Sulphide 

3 it 


40-0 

■id 







Lead Carbonate 

4-3S 


78-0 








Bed Lead 

3' 7 


410 



44. 






4'7 



30 


•• 





Calcium C.yanamide 

2-7, 

24 

40 


7'2-6 


ail 




Phenyl Hydrazine 







lived. 




Hydrochloride 

1-S 

27-3 





14-0 




IMercuric Chloride . . 

4T) 

3(r4 

35 









1-0 

30-3 





IS- 5 





0-5 

30-a 





28-8 

25 ' 2 



Antimony Sulphide- 

1-8 


23 

id 







Copper Suiidiide 

4-0 


30 

24 


40 



27 ’ 7 


1-6 


48 

49 


38 






l-o 


45-2 



3a 



76 
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Table Y—Gondd. 


Coppei' Sulphide 
Chloral Hydrate 
Zinc Oxide 
Strychnine 
Brucine 
Naphthaline 

Saccharin 
Potaissiuin Iodide 


(Ims. 

0-5 

2-7f 

Td 

0-3 

0- 3 

1 - 0 
2-0 
2- (I 


Lethai. Figure. 


77'0 
:U)- 1 


In Table VI are shown the same figures a,s in Table V, only 
put under eacli species of insect separately 
Table VI. 



Weight of 


Average time 

Suhstam®. 

substance in 

Caterpillars. 

veq iured to 


300 e.c. Avatcr. 


kill, in hours. 

Iodoform . . . . • • * • 

Gins. 

P.5 

Syh.pta 

8-.5 


4-4 


lot) 


0-5 


I0'.5 


0-3 


18-5 

Ar.'senious Oxide 

2-0 


IPS 

Mercurous Iodide 

7 ’~> 


15 0 

Cuprous Cyanide . . . . 

Pt» 

l)-!15 

” 

1P2 

10' 3 

Lac 

4-0 


IS’75 

Lead Arseiiiate 

3-0 

M 

17' 7 

Calcium Cyaiuunidc .. .. 

2-7 


24'0 

Phenyl Hydrazine Hydrochloride. . 

PS 

0*5 


27'3 

Mcrciuic Chloride 


.‘10'3 


4-5 

' * 

36*4 


PO 

O ■ 

36*3 

Saccharin . . . . . . . . 

2-0 


58-7 

iodoform . . . . . - • . 

4-4 

Caradiiiui. 

15 


0-.5 


51, 


0-3 


51 

Mere lU’o us iodide .. .. 

7”5 


, 14 

Lead Arscuiate .. .. .. 

3-0 

>3 

nj'3 

Antimony Sulphide .. . ^ .. 

■P8 


23'0 

Copper Sulphide .. .. .. 

4-5 

>5 ■ 

3()'t> 


P5 


4r>-2 


P6 


48'0 


0-5 

5^ ■ 

57 

Chloral Hydrate . . . . . . 

2-75 

■ 

35-8 

Mercuric Chloride .. . . .. 

4-5 


35-0 
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Table VI — contd. 






Weight of 


Average time 




substance in 

Caterpillars. 

required to 





300 c.c. watt'T. 

kill, in iKimw. 





Gms. 



.Borate, 




1-0 

Caradrina 

3(>-0 




3 7 

J* 

40-0 





1-5 


r.2'0 





0-0 


no-o 

i.eu.l Sulphide 




3-0 


4()-() 

Red [.ead . . 




3-7 


4]-() 

.Borax 




3-1 


4! 





1-0 


No ctfect. 

(’iiproua ( 'yani{!o 




1-0 


41-2 




2*7 


4()-0 

Borax i 







Lao '■ • • 




ry*>[ 


4r)'() 

Soap 1 ■ ■ 

Boric Acid 




2-11 


50-0 

Lac 




]0T)1 


Zinc Oxide 




1-3 

„ 

45-0 

Ouprons Cyanide 




2*7 

„ 

40 

Strychnine 




0‘3 

,, 

40 

Barimn Borate 




5-4 


M 

Brucine 




0-3 


67 

Boric Acid 




21 

„ 

67 

Lead Carbonate 




4-3S 

, ,, 

78 





5*5 


42 for 8. 







1 6 unaffected. 

Copper Sidphide 




4T) ' 

1-0 

Anosia, 

24 

49 

Antimony Snlphide 




1-8 

„ 

10 

Copper Borate 




3-7 

„ 

40 




o-o 

,, 

42 





cr> 


44 

Red Lead . , 




4-7 

,, 

36 

Lead Snlphide 




3-n 


40 

Borax 




3-1 

„ 

42 





3- 1 

,, 

n2 

{■'npron,«i Cyanide 




1-9 

Marasmin. 

33 




0-95 

- 

41 T. 

Borax 




3-1 

Piodcnia. 

36' 

Red Lead . . 




3-7 

,, 

44 

Copper Borak' 




0-fi 


62 

Boric Acid 




2-1 

„ 

3d ^ 

Cojjper Sulphide 



*' 

0-5 


36-7 




4'5 


40'0 





1-5 


35-0 





1-6 


38-0 

Lead Arsen iate 




3-0 

„ 

26-0 

Copper Snlphide 




0-5 

Pierid. 

91-0 




1-5 


7()-0 





4-0 


■ 27-7 

Brncine 




0-3 


26' 5 

Lead Ar,seniate 




30 


S'O 





4-5 


12-0 

Iodoform , . 




1-0 

Cosmophila. 

12-0 

Cnprons Cyanide 




1-9 

2o-d 

Iodoform . . 




4-4 

] 3-6 

Bcrcnrie Chloride 




4-5 

” 

25-2 . 
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Table YI — conclcl. 


Weight of 

substance in Caterpillars, 
300 c,c. water. 


Average tin 
required tr 
kill, in hour 


Substance, 


Diaerisia. 


Mercuric Chloiid* 


Oalciiun Cyanaraide 
Cuprous Cyanide 


sioniato 


Iodoform 

Naphthaline 
Lead Arseniaie 


Civleinm Cyanainide 


Iodoform 

Naphtlinlino 


ihe above experiments were all on caterjn' 
being available a small series were therefore done 
(AGrifUtm aerugm^^^^ Tlie following are the 


Substance 


Amount, 


Copper Cyanide 


Mercuric Ohlorirlc 


Iodoform 


Lead Arseniate 




Snlwtance. 

Caleium Cyanamide 
Iodoform . . 


Naphthnlino 


We class the compounds tested as follows — 

Class I. — Average killing effect is under 20 hours 
Iodoform. 

Lead Arseniate. 

Antimony Sulpliide. 

White Arsenic. 

Mercuric Iodide, 

Copper Cyanide. 

Naphthaline. 

Class IL — Average killing effect is from 20 to 40 hours 
Copper Sulphide. 

Strychnine. 

Oalci wm Cyanmn ide. 

Mercuric Chloride. 

Copper Borate. 

Eed Lead. 

Lead Suiphide. 

Borax, 

Boracic Acid. 


Time taken to I 
kill. 


Class tTL — Average killing effect is from 40 to 100 hours 
Lead Carbonate. 

Barium Borate. 
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Zinc Oxide. 

LeadBomte. 

Lao mid Borax. 

Lac and Borie Acid. 

The results of these experiments are not encouraging as they 
give us neither a definite principle nor any one compound to select. 
In class I are ^dolent cattle or human poisons ; Iodoform is useless 
for every reason ; Antimony Sulphide is too poisonous ; White 
Arsenic is impossible as it is soluble and poisonous ; Mercuric Iodide 
is poisonous ; Copper Cyanide is poisonous ; Naphthaline is under 
certain circumstances extremely valuable and we deal with it fui.'- 
ther below. 

Copper Sulphide might be valuable and its use is indicated. 
Strychnine is useless on every ground. In class II Calcium Cyana- 
mide might have been promising had not its action on plants been 
too strong (see below). Mercuric Chloride is of course useless ; 
Copper Borate might give good results ; so might Red Lead or Lead 
Sulphide. Borax and Boracic Acid were abandoned after trial on 
plants (see below). Our. attention is then directed to Naphthaline, 
Copper Sulphide, Copper Borate, Red Lead and Lead Sulphide. 

On thinking over these experiments during the cold weather 
while waiting till fresh ones become possible, the Red Lead suggested 
the trial of commercial paints, i.c., finely ground dry paints. A 
selection was obtained and tried. Table VII gives the results. 

Table VIL 

Diacrisia ohliqua larva? were used and all poisons at i lb. in 
1() gallons of water (1*5 grammes per 300 c.c.) 

Lemon Chrome — 

3 died in 72 hours. 

7 » ,, 96 „ 

1 ,, 3, 144 ,, 

1 „ „ 192 „ 

Eight pupated. 
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There was a distinct period of two days starvation before they 
fed at all, so that 48 hours should be deducted from these 
figures'. 

Ultramarine Bkie — No action. 

Yello w Ochre „ „ 

Prussimi Blue — 

1 died in 60 hours. 

1 „ „ ■ 72 „ 

2 „ „ 120 „ 

1 „ „ 192 „ 

15 pupated. 

Burnt limber — ' ' 

6 died in 168 hours. 

14 pupated. 

Burnt Sienna — 

1 died in 36 hours. 

3 „ „ 44 ,, 

16 pupated. 

White Lead — 

2 died in 192 hours. 

15 pupated. 

Oxide of Iron — 

1 died in 96 hours. 

4 „ „ 120 „ 

2 „ „ 144 „ 

13 pupated. 

Of these Lemon Chrome seemed valuable and experiments on 
Diacrisia ohliqua in the open gave very promising results. The 
caterpillars starved rather than eat plants sprayed with it at 1 lb. in 
16 gallons. Accordingly this paint was analysed and found to con- 
tain 5 per cent, of Lead Chromate, with gypsum. Lead Chromate 
was then prepared pure and tested ; Barium Chromate was also 

2 . 
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rested to see if it was the Chromate or the Lead, and if Biuhinii ('onld 
rt^plae.e the Lead. The following results wwo obtained : — 

Barkmi OliromMe, LO gramme in 300 c.c., i.e.. 1 lb. in 32 
gallons of water. 

15 caterpillars — I died in 18 hours, 3 more in 66, the rest 
pupated after 100 or more hours. The difficulty of nadtinfi: 
cabbage leaf Avas a factor of importance. 

On Camdfina eaoigna— 

10 young put in : 

1 missing in 2 days. 

1 V d 

1 ,, 5 „ 

1 pupated ,, 5 

the rest missing gradually, 1 survived, which pupated on tlie 13th 
day prematurely. The caterpillars eat. each other vigorously from 
starvation as the poison upset them without killing them. 

On Attacus ricini— 

5 2nd instar worms put in 13th. 

1 died on 15th. 

3 „ „ 18th. 

1 „ „ 29th. 

Lead Ghrom.ate, 1*0 gra,mme in .300 c.c. or I lb. in 32 gallons 
of water 

Pieris brassiece— 

16 caterpillars— 3 died in 24 hours, 1 in 36, 1 in 96 (average 40), 
the rest pupated after the 4th day. The difficulty of wetting tlie 
leaves was a factor of importance. 

Qaradrina exigiia— 

10 larvae, in 3 days only 7 left, on the 4th day 5 found dead, 
1 died on the 5th day and the last on the 6tli day. So long as they 
fed on each other, they did net touch the leaves at all When they 
did, they died, 
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Alkicu,'^ richi 'i- — 

Five ’iiicl stage worms ; they refused to eat, f^>niy iiil)bliug here 
MJ^d, there ; 2 died in 1 day. 3 in 2 days. 

Dviorisiaoblic[aa-— 

lo laiyffi : they starved for 5 days—l died on 5th day, 1 on 
5th, 5 on 8th, 8 on the 10th . 

15 larvtB : they starved for 5 days — 1 died on 5th day, 1 on 6th, 
1 1 on 8th, 2 on 9th. 

The very inarked feature of this, niore riiarked even than with 
llariuni Chromate is their refusal to eat it, as was also seen in the case 
of caterpillars in large cages where the plants were sprayed. We 
ha.ve seen no compound in wliich this aversion is cinite so marked, 
and though we used very many (htradrina larvae, which are fairly 
cannibalistic, it was only with these two compounds that the canni- 
balism was so extensive. It is clearly a. very good deterrent and 
when starvation compels, a very good poison. Its general qualities 
are discussed below. 



PAET 11. 


It is clear that the figures obtained are not an absolute index 
ol the poisonous effect of the various compounds particularly with 
some of the compounds in which the action was uncertain. In many 
cases, a few of the caterpillars were killed cpiite early while others 
lived for long periods ; it appeared as if either the caterpillarpS ac- 
customed themselves to some poisons, or they learnt to detect them, 
or they had a very varying degree of resistance to the poison oi’ to 
starvation. In one case with borax the minimum was 12, the maxi- 
mum 111. Where the maximum went over 96 hours, we rejected 
the compound even if the minimum was small, and of course the 
average figure does show the effect of the big maxima. To simplify 
the question and to give the results more simply, we give iiei'e the 
characteristic behaviour of each compound as derived from both 
observation of the behaviour of the caterpillars and the a,ctual 
figures — 

Class I. — Iodoform. 

White Arsenic. 

Mercuric Iodide. 

Copper Cyanide. 

Alercnric Chloride. 

Naphthaline. 

Lead Arseniate. 

Antimony Sulphide. 

Class 11. — Calcium Cyanamide. 

Lead Chromate. 

Barium Chromate. 

Lead Sulphide. 

Lead Oxide (Red Lead). 
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Boracic Acid. 

Borax. 

Copper Sulphide. 

Copper Borate. 

Class III. — ^Lac, Borax and Soap. 
Lac, Boric Acid. 

Copper Tamiate. 

Lead Carbonate. 

Barium Borate. 

Zinc Oxide. 

Lead Borate. 

Class IV. — Barium Peroxide. 

Sodium Benzoate. 
Caftein. 

Sodium Tartrate. 

Zinc Sulphide. 

Tartaric Acid. 

Alum. 

Chrome Alum. 

Sulphur. 

Quinine. 

Carbolic Acid. 

Succinic x4.cid. 

Sodium Succinate. 
Tannic Acid. 

Galhc Acid. 

Lac. 

Chloral Hydrate. 
Strychnine. 

Brucine. 

Saccharin. 

Potassium Iodide. 
Lemon Chrome Paint. 
Ultramarine Blue Paint. 
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Yellow Oclire Paint. 

Prussian Blue Paint. 

Burnt Umber Paint. 

Burnt Sienna Paint. 

\TOte Lead Paint. 

Oxide of Iron Paint. 

Lead Tannate. 

Magnesium Carbonate. 

Iron Sulphide. 

Manganese Dioxide. 

Barium ( 'arbonati* . 

Magnesium Oxide. 

Barium Oxalate. 

Acetamide. 

Metapbenylene Diamine Hydrocddoride. 
Pheind Hydrazine Ha'iI roeldoridc*. 
I^otassium Oldoride . 

Sodium Cailionate. 

Stannous Cb loride . 

Potassii im PeiTocyai ii< I e . 

Perricyanide. 

Magi lesiiin i Sii 1] ilu it (‘ . 

Picric Acid. 

I^otassium Bicbi'omate. 

Morphine. 

Animonium Persulphate. 

The results are expressed as follows 

The number of larya; used {'No. 10) : 'M:lic minimum 
is the number killed in the shortest period (niinimnm :i 
‘‘ three killed in 6 hours 

"The maximum period ’■ is the number that di('d 
their period (maximum 2/30 means •'*' two killed iu 30 1 
ayemge is the ayerage figure as worked out on pag(‘s 2<sj 2 


pmi< 
0 m< 

last 

lours 




Prodema Htloralis — 

3‘0 grammes per 300 c.c. 


No. 

Minimum. 

Ma.ximum. 

Average.^ 

20 

8/12 

0/30 

24| 2, 

10 

5/11 

7'37 

2S‘ 


Pierkl— 

3*0 grammes per 300 c.c. ' 

N(.i. Minimum. Maximum. Average, 

14;« 2/J2 7^ 

20 10/4 10/14 

S an 121 1/30 



JJkiodsia ohliqua— 

1*0 gramme per 300 c.c. 

.Niu. Minimum. .Maximum 

10 2/7 U07 

10 1/42 9/u4 

20 5/7 1/7C 

There was a marked refusal to feed at fii'st. 

Prodenia littondis — 

3'0 grammes per 300 c.c. 

No. 1 .- — Minimum 5/30. Maximum 1/78. Average 40. 

l./eaves not eaten at first. 


Average. 
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AcriMimi aeniginosum— 

3”0 grammes per 300 c.c. 

Ni). Minimum. Maximum. Averagt:, 

4 2/7 2/72 1/1 2U 

4 2/14 1/26 

In all cases, this insect was erratic ; thos^ that fed freely died 
quickly. 

0‘phkisa meUmiie — 
rO gramme per 300 c.c. 

(3n growing plants in the open, sprayed. 

Minimum 6/20. Maximum 1/252. Average 85. 

3*0 grammes per 300 c.c. in cage. 

Minimum 5/30. Maximum 1/68. Averagci 37. 

The leaves were very little eaten at first. 


Lead Arseiiiate may be, in a sense, taken as a standard, and t he, 
very strongest used in practice is 1*0 gramme per 300 c.c, usually 
much less. But to get comparative effects we must use our com- 
pounds stronger. We would point out that on the analogy of tJiJs 
particularly, any of the compounds that give a figure below 80 or 
100, if they can be applied at that strength, are possible insecticides 
for field use. 


White Arsenic. Asg Cb. 
Sylepta 'tnultllinealis — 

2*0 grammes per 300 c.c. 


20 

20 

20 


.Miiiiiuum. 
14 6 
10/0 
10/7 ‘ 

16/6 


Maximum. 

2/78 

•Vi:! 

iju 


Avcra.gc, 

A b 

12-25 b 

r 9-2 . j 


Comparing this with Lead Arseniate, for the same insi'cL 
one sees how consistently this is more rapid in action. 1(- is of 
course inadmissible as an insecticide owing to its burning aelioii, 
but it is the really effective poisoning ingredient of all arseuicaJs. 
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Antimon V B i JLPmD.E. SbgS;.. 

Caradrina exiyuar— 

1*8 grammes per 300 c.e. 

No. 80. Minimum 5/6. Maximum 3/67. Average 23. 

Anosia flexiqypus — 

1 ’8 grammes per 300 c.c. 

No. 23. Alinimum 5/7. Alaximum 2/54. Average .10, 
This is a very deadly compound ; the experiment with 
alone was done on lots varying from 4 to 20 and was so consist (oii 
that tlH‘. ligures arc condhned. It is inadmissible as a practical 
iiis(‘ctieid('. in India. 

lODOPOUM . (J H hj. 

Atjlepla (Un'Oijala, h'a br. — 

1*5 gra.mmes per 300 c.c. 


No. 

Miiiinuiiii. 

Miixiiiiiiiii. 

.Vverap'. 

20 

1 7;0 

a 12 

" 'I 

20 

17/7 

.2/ 1 1 


20 

1(7 

2/11 

0 1 svj 

20 

0/0 

11 12 

1 

20 

1 0/7 

1 12 

,s j 

4*4 grammes pm* 300 

*. C. 


Xo. 

Miainiuiu. 

Maxiiiuiiu. 

A \ (•rajjjc. 

20 

10/0 

1 .11 

11-7 ' J 

20 

11/0 

(i 1 .2 

s-l 10 

IS 

1 1/0 

7/12 

!02 ) 

0*5 gramme per 300 c. 

C, 


N.>. 

.Mituintitu. 

Maximum. 

Avci'au/c. 

10 

17/0 

2/12 

7 , 

20 

1 0/0 

1/12 

0’2 

20 

12/0 

2/02 

M 

20 

IS/7 

2/ 11 

s j 

20 

.1/0 

2/.12 

lo-s 

0*3 gra-mme per 300 c. 

C. 


iNo. 

Miuimiun. 

Ma.Kimum. 

Avcra.i/r, 

20 

1 Mi. 

2/01 

KiM ) 

20 

1 1/0 

2/7S 

20-0 1ST, 

22 

10/7 

S/1 1 

o-.i 3 

jdl these exjierinumts, i 

IS in later otu/i: 

i, the cal.m'pill; 

well- ventilated cages , 

as the fumes 

ol: lodororni. ; 


them very strongly. 
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Ciifadfina exiyua — 

0*3 OTamiue per 300 c,c. ^ 

^ No. 20. Minimum 4/7. Maximum 3/109. Avomgool. 

0*5 ffraniine per 300 c.c. 

No. 1-2. Minimum 2/13. Maximum 3/85. Average ol. 
4 “4 grairaues per 300 c.c. 

Miitimiim- 


Maxiiiiuin. 

1/32 


Average. 

12 Uo-S 

1» ' 


Fierid — 

! *0 graimiie per 300 c.c. _ . 

No. 8. Minimiim .5/7. Maxiiiiinn .>/i0. . 

sabiMfera — 

4*4 grainni.es per 300 c.c. 

No. 10. Mimmiim 2/4. Maxhniiiii 2/2;). Avciagi 

jjmmia Ohliiinu-- 
0*3 graiuriK' ]>er 300 c.< 

Nu. 


.Minimiiiu. 

22/<i 


Maximiini. 

(Vl.s 
1 12 
.Via 


O'o graimne per 300 c.c 

.No. 


MiiiiDiiiiii. 

1, 


Mii.X-imimi. 

I,'). 12 
,-.31 
1;3S 
HIT 


Ojdmsa vidmde — 

0‘5 gram me per 300 c.c. 

No. 8. Miniimim 0/8. Ma,xin.iurii 1/20. .Average H- 

0-3 gramme per 300 c.e. 

.Ma.ximum 0/20. Average 20. 
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0%5 gramme per 300 c.c. 

No. Miniiuum. Maximum. Average. 

4 i/7 ' '2/48 ■ liM 

;} 2iiU} 1/108 1/7(5 

0*3 gramme per 300 c.e. 

No. 4. Minimum 1/14. Maximum 1/20. Average 1/298. 

Except for the lastj the experiments show the vei'v great killing 
effect of this compound : the grasshopper used iu the last would 
not (Nil k'aves tainted with it and the resistant j lowers of a large 
grassho])pt‘r. ar(‘. apparenlly greater than those of a. catei’j^illa r ; tlu' 
grasshopp(M‘ simply rtdraiiKM] from food. 

hrloform is of ('oui’st^ useless as an. iiivSectyicide : Imt its action Is 
verv marloal and is. we Ixdieve. worth IVdlowing up with similar 
coinpounds. Iodoform is moderately vidatile and its action in tlu' 
op(Mi is of inti'rest. 

PU gra.mme per 300 c.c. on castor plants in tla* open, 

with Ophiimi nnMc(Mio 

No. 10 -1/34. }/9t). 1/lOS. 2/124. 2/ UK), I 1S4. 

Idle plant was much luirnl. by the iodoform a.nd the cater{).diars 
simply tried spot after s|)i)t, trying to liud a placo. fr<M* of iodoform. 

Mi!:i:W.!un,ic (Jiiloiiloe. Ilg (t,,. 

Splepki (lero(j(Ma - 

()nl grain, ine per 300 c.c. 

No. 20. .Mininnun 3/tl. Maximum 1/73. Average 30*5. . 

1,*0 graaiime per 300 c.c. 

Nu. .Miiiimiiin. M.ixiiuuni. 

■20 le ;,;/8;y .n‘”> , 

2(1 7s 1 (52 2(r.s 

21 12 11 2(52 

4*5 gramme jier 300 c.c. 

Nil. .Miiumiim. Maxiiinini 

\:> 2/(5 2/ las 

IU 2/(5 it:; 

2(1 s’s 1 :;.s 

The irregularity in action is very markcal but it is due to the 
fact that very (v»rlv the eateriiillai's he(‘ome a.ffcet(Hl by a small 
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.mouut o£ food .nd then lie poi«“ 

case the figures put to compouud low, it i^ -i v . y 

Caradrina exigiia— 

‘Tr'MSlV M— .s/3.. 

Gosmo'phila sahuUfera ■ 

4*5 oraiiinies per 300 c.c. 

No.'lC). Mimmum3/7. Maximum 2/49. Average 2o.. 

Dimmla ohligiM — 

O’ 5 gramme per 300 c.c. 


1-0 gramme per 300 c.c. 


Acridiiwi amiglfiwiiiwh 
I'O gramme per 300 c.c. 

No. 3. Minimum 2/00. Maximum 1/84. 


No. 3. Minimum 2/«0. Maximum 1/84. xWorage 08. 
Mercuiic chloride is. as would be expected, a violent poison ; 
it is soluble, totally unsuitable as an insecticide and merely illusti atcs 
the fact that an irritant poison affects imsects as other orgamsins. 
Mercoric Iodide. Hg.,L. 

Syl&ptaderogata — 

7*5 grammes per 300 c.c. 


Caradrina exigua— 


Mininuiin. 

j/r, M/Ci 
20/12 
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Oonmofliila sabulifera — 

No. 10. Minimum 2/4-. Maximum 3/36. Average 21 '5. 

This body is evidently a first-class poison, possibly (a:)m])iniiig 
the action of, the mercury and the iodine as it is perce])til)ly ((uickei* 
in action. It is to be classed with the arsenicals but is not useful 
in practice. 

CoppEK Cyanide. Cu(C. N.).^. 


Sylepta derogata — 

0'95 gramme per 300 c.c. 

No. 20. Minimum 1 1/6. Maximum 1 /37. 
1‘9 grammes per 300 c.c. 


N<t. 

.Mintmiuii. 

Alii xi mu til. 

Avoni-^o 


20 

14/0 

2/25 

10 


20 

S/7 

2/2S 

12-5 


10 

12/0 

7/ 1 

S’O 

1 !•'» 

• 

20 

20/S 


S'O 


25 

22/0 

:$/ 1 s 



20 

10/0 

2/;!0 

0-0 


12 

2/4- 

2/20 

10-0 . 



Gamdrlna exlgua — 

1*9 grammes per 300 c.c. 


Average 10*3. 


No. Minimum. Mnximnm. Anratfc. 

N l/i;{ (/(ll (1-2 

17 :?/l2 Him 41- 


Oo,wiO'phtla sabulifera — 
rO grammes per 300 c.c. 

No. 10. Minimum 3/13. Maximimi 3/30. Average 25-5. 


Diacrisia ohliqua — 

0*95 gramme per 300 c.c. 

No, Minimum. Maximum, 

20 “)/() 4/:50 

20 2/7 2/70 


•Vvcni.ue. 



1-9 grammes per 300 c.c. 

No. Alinimum, Alaximum. .Vvonijxc. 

25 22/22 :5/:ui 2:5 I 
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MaM:mi;la trivpmaUti — 

(ti)5 granmie ])e!:‘ 300 c.c. 

\’o. Mininmm. .Maxiniiini. Average, 

21 iVet-i 2/81) 

Ki ll/:il 4-7-S' 

]•() g’i:;iuniiU‘S })ei: 300 c.c. 

No. 19. Minimiim 3/6. MaxiiTOirn 4/62. iVverage 33. 

Arridliini (ipnifihio.vtmr-^ 

0-9.5 gramme j>cr 300 c.c. 

\’(i. Minimum. Maximum. Average. 

:! l/.jl 2/.S{t 

:« 1 :;}(•, 172 t/ior, 

As in. utliiM- cases, tlic grasshopper (Ici-iiiii'S food and 

M-aits : l)nt- th<' cfTcct of this compoimcl is fairly well niai'k'ed. 

Copper cyanide is clearly a violent poison, ujul is cxtieniel} 
interesting as being an insoluble cyanide, whose elfcct one inighl 
(‘xpect to be very good. The cyanides are. unfortiinately, inaidinis- 
sible in practice. 

NafthaUn. 

I'here ai-t‘ two seri<‘s of experiinents here. ; in thi^ first, tlie 
napthalin was not properly emulsiHed but was finely divided m 
water and its distribution on the leaf uneven ; in the. sia-ond an 
emulsion was foi-med but as this contains kerosine, size and soft 
soap, the results ai-e not wholly attrilnitable to .na|)thalin. In, both 
series the figures are not indmdually reliable. 


Sjjlepta derogata — 

0*0 gramme per 300 c.c. 


Xu. 

Minimum. 

Maximum. 

Average. 

2U 

16/1) 

4/12 

7-25 

20 


5/144 

55 

17 

:i/7 

3/158 

63 

1*0 gramme per 300 

C.C. 


No. 

Minimum. 

Maximum. 

Averago. 

lU 

16/6 

3/12 

7*0 

18 

7/6 

2/78 

42 
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2*0 grammes pei' 300 c, c. 


s\.. 

Minimum. 

Maxiulutu. 

Avoi'U”* 

20 

20/7 


7 

20 

20/7 


7 

20 

10/0 

t/ls 

S-1 


In tlie la,st series especially the iiaptlialin sepai'ates out on the 
leaves in crystals and the caterpillar’s eat the.se and die very soon. 
The figures are probalrly valueless. 

2*0 grammes in 300 c.c. spirit. 

No, .Minimum. Mnximiim. Avci'iiut^ 

p*'’ 20 20/12 .. 12 

JO I'O 2’:!(i ni-s 

Ten lived over and })npated. at intervals of 7 to j! (lays and 
were apparently unallected. 

2*0 grammes witli 4*0 girinunes lav. 

Mo. 18. Minirauni 17/0. Maximun» 1/12. Av('rage (>. 

Two pupated two diiys after. 

Mo. .Minimum. .Maxiinmu. .\\ 

20 20/(i . . <» 

12 r/ro l/l'.to K2-0 

Eight |)upattHl in 0 to 12 days. 

Tlie above series, done with oni' .s))ee.i(‘s, sliow how vai’ialde the 
apparent action is, due to errors of exjrerinieut jinrely. Wlum 
napthalin ill solid foi’iu was applies 1 to the h'af tliey diiMl (|uickd)% 
or they survived indefinitely, owing to their no longer absorbing 
any napthalin. It is useless to giv(‘ <leta.ils of the long sm.’if's of 
experiments made with all tlie species; the following a.re*exti’acted 
at random : — 

Ophiusa melicerte — 

TO gramme per 300 c.c. 

No. 6. Minimum 2/48. Maximum I/l()8. AviU’agi^ 77*0. 
Oamdrina exigua — 

Naptlialin 2*0 gi*ammes. Lac. 4*0 gi’anmicB per 300 (‘.c. 

No. 17. Miuiiuum 3/54. iMaximum 1/160. Average 98. 

Napthalin 2-0 grammes in 300 c.c. spirit. 

No® 16. Minimum 12/78, Maximum 4/100. Average 94, 
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Pierid caterf illar — 

No, 20. Minimum 1/15. Maximum 1/111. Average 63. 
Aerklium aerugmosim — 


No. 

Minitnura. 

.AUiximuni. Average. 

3 

I/IGS 

1 in 12 days 1 in 19 days. 

4 

2/80 

1 ,, 12 „ 1 „ 10 „ 

A series AA^as done then 
obUqua— 

with napthalin emulsion 

No. 

•Aliiiiinum. 

.Ma.Kimum. Average. 

8 

8/5 

5 

15 

15 

15 

12/14 

3/38 20 

15/0 

15/4 

4 


15 15/5 .. 5 

In tliis case the naptlmlin Avas thoroughly emulsified, the emul- 
sion thoroughly mixed and the distribution on the leaf even. Tlie 
killing effect may not be due wholly to napthalin. {See Appendix .1 II.) 

We here leaA^e napthalin with the opinion that it is a fii'st clar s 
insecticide, but as practical experience showed, too volatile to be 
of use except in special cases. {See Appendix HI.) 

Barium Chromate — 

See remarks above on p. 286. 

Lead Chromate — * 

See summary aboA^e on p. 286. 

Calcium Cyanamide. Ca CNg. 

Sylef ta derogata — 

2*7 grammes per 300 c.c. 


No. 

Minimum. 

Ala-ximum. 

Average. 

20 

2/0 

13/54 

41-4A 

20 

2/0 

4/37 

29-7 

20 

3/0 

12/37 

20-3 -24 

20 

10/7 

2/38 

10-8 

19 

8/0 

2/25 ■' 

11*4; 


Caradrina exigua— 

No. 13. Minimum 1/12. Maximum 6/60. Average 46. 
Marasmia trafezaUs— 

No. 20. Minimum 1/6. Maximum 2/128. AATrage72-6, 
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OpMusa meUcerte — 

No. 20. Minimum 2/8, rest pupated in from 5 to 13 days. 
Diacrisia obliqiia — ■ 


No. 

Minimum. 

Maximum. 

Average. 

22 

4/0 

1/128 

45- 

20 

2/0 

1.3/54 

41-4 

20 

2/0 

4/.37 

20-7 

20 

.3/0 

12/.37 

20-.3 

20 

10/7 

2/.3S 

10-8 

10 

8/0 

2/25 

11-4 

20 

1/0 

2/12S 

72-0 



Acridi'imi aeruginosum — 

No, 4. Minimum 3/30. Maximum 1/500. 

The al)ove were all experiments in the open ; cx|)eriraents were 
made on live plants in cages. 

Opliii isa meUcerte — 

2*7 grammes in 300 c.c. 

Two died in 0 houi's, 6 lived and pupated after 5 to 13 days. 
Diacrisia obKqim — 

1 lb, to 12 gallons. (2^ lbs. used as the cyanamide is 40 per 
cent. pure). Tdiii’ty caterpillars, no results, the leaves not eaten and 
all turned blown. .Done on castor and groundnut. 

This compound seems to be effective if evenly applied, but un- 
doubtedly burns foliage excessively. Its uneven action is probably 
explained by tlie compound, though finely ground, not being evenly 
distributed, the particles of the actual cyanamide not being properly 
diffused through the mass or in the water. 

Copper borate. Cu 
Caradrma exigiia— 

*6 gramme per 300 c.c. 

No, 50. Minimum 3/21. Maximum 2/84. Average 50. 
1*5 grammes per 300 c.c. 

No. Minimum. Maximum. Average. 

41 4/15 4/84 52 

12 1/7 .1/.54 :i(i 

3*7 grammes per 300 c.c. 

No. 73. Minimum 5/6. Maximum 4/60. Average 40. 

3 


302 THE mSECTIOIDAL ACTION OP SOME MINl'lE/ LS, ETC. 

Armia flexiffus — 

0*6 gramme per 300 c.c, 

‘No. 7. Miniimim 2/16. Maximum 2/6fi Average 42. 
1*5 grammes per 300 c.c. 

No. 13. Minimum 3/20. Maximum 1/78. Average 44. 
3*7 grammes per 300 c.c. 

No. 70. Minimum 6/6, Maximum 4/63. Average 40, 

Prodcnia Uttoralis — 

0*6 gramme per 300 c.c. 

No. 10. Minimum 2/18. Maximum 2/90. Average 62. 
1*5 grammes per 300 c.c. 

No. 12. Minimum 1/6. Maximum 3/54. Average 30. 

Oflvkisa melieerte — 

Half an ounce per gallon sprayed on castor- plants— 10 

larvae — 2 died in 29 liours, 2 in 120, rest pupated. 

Prior to the testing of dry paints, we regarded tliis as a, verv 
likely compound and we commend it to the notice of those wlm wriut 
an insoluble copper compound which is not really poisonous and is a 
good deterrent. A method of preparing it is given in Appendix IV ; 
we believe that further work with this compound would prove it to 
be a very useful mild insecticide oi- deterrent. 

CoPPEE SULPHIDE. Cll S. 

Ca/m(lf ina exigua : — 

0*5 gramme per 300 c.c. 


No. 

Minimnin. 

Maximum. 

Average. 

12 

1/42 

4/78 

64 

18 

OA-JO 

1/78 

.50 

grammes per 300 

C.C. 


No. 

Minimum. 

M.aximum. 

Averaee. 

12 

1/6 

5/78 

.58 

20 

1/6 

10/54 

42 

10 

: 5/12 

3/62 

.3.5-8 


6/27 

4/69 

48 
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4*5 grammes per 300 c.c. 

No. Minimum. Maximum. Average. 

18 9/9 41 ^ 4 . 20 

10 9/6 9/30 29 

20 2/lS 0;00 41 

Prodenia Uttoralis — 

O' 5 gramme per 300 c.c. 

No. 20. Minimum 4/24. Ma.ximiim 1/60. Average 36*7. 
r6 grammes per 300 c.c. 

No. Miuimnm. Maximum. Average, 

o 1/10 1/52 OB 

20 5/01 15/00 05 

4' 5 grammes per 300 C.C. 

No. 20. Minimum 2/(5. Mixximiim 1/78. Average 40. 
Pierid — 

0*5 gi’amme per 300 c.c. 

No. 14. Miniimim 1/44. Maximum 1/15(5. Average 91. 
1'5 grammes per 300 c.c. 

No. 13. Minimum 1/20. Maximum 1/150. Avera,ge 76. 
4*5 grammes per 300 c.c. 

No. Minimum. Maximum. Average. 

19 10/22 2/5B 2S 

29 12/M 1/00 27-1 


Anosia flexiff us — 

r6 grammes per 300 c.c. 

No. 6. Minimum 2/18. Maximum 1/78. Average 49. 

4' 5 grammes per 300 c.c. 

No. 4. Minimum 2/12. Maximum 2/36. Average 24. 

Ofhiusa melicexte — 

In the open on castor, at | oz. per gallon, of 6 none died, of 10 
2 died in 4 days, the rest survived and pupated. 

In the open on castor, 1 oz. per gallon, of 10 none died, the 
leaves were eaten, they all pupated. 

Copper sulphide is apparently of little value in small doses, a 
strength of somewhere near 1 lb. to 10 gallons very well, applied being 
required to liave any effect. It is a deterrent but as an insecticide. 
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good Bordeaux mixture would proliably be far moi'e onrM.'tive aud 
lasting. Its use as a powder deterrent is indicatial. 

Boeax. Na^i B., O 7 10 H., 0. 

Cafadrma exigua— 

ro gramme per 300 c.c. No effect. 

3' 1 grammes per 300 c.c. 


No. 

18 

1(5 


Miniraiun. 

2/12 

1/8 

4/0 

(5/(5 


Maximum. 

1/111 

1/108 

4/120 

2/18(5 


Average. 

41 


Prodenia littoraUs — 

3'1 grammes. 

No. 9. Minimum 2/19. Maximum 1/79. Average 3(b 

Anosia flexip'][)us — 

3'1 grammes. 

Theg died after 2 days or more, leaving tlie food practically 
untouclied ; 3 trials were made with 29 larvio, Imt tlie results 
were the same in each. 


No. 

11 


Miuimuin. 

1/30 

2/43 

1/24 


Maximum. 

1/72 

2/(53 

1/72 


Avorago. 

42 

.'52 


Sprayed on to castor plants, at A oz. pei: gallon, it had little 
effect — 2 died in 24 hours, 1 in 120 hours, 17 pupated ; at 1 oz. the 
figures were 6/72, 4/90, 1/96, 1/120 1/132, 2/156, 2/200 : 3 pupated. 

Borax is of interest as being one of the very few compounds 
used as an insecticide for Blattids, which is neither an arsenical 
nor an alkaloid ; a one per cent, solution is a fairly effective stomach 
poison and a good deterrent, hut the Sodium salt cannot of (‘oiirse be 
used in general practice ; and the insoluble borates have l(‘ss action 
than this one, with the exception of the copper salt a.bo\ai luenlioned. 

Boracic Acid. 

Prodenia littoraUs — 

2’ 1 grammes per 300 c.c. 

No. 8. Minimum 6/30. Maximum 1/54. Average 35, 
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Camdrina exigiia — 

2’1 grammes per 300 c.c. 

No. Minimum. Maximum. Avoiago. 

17 l/li5 :5/<)2 5t) 

:58 2/24 4/75 50 

Anosia jdexi/ppus — 

2‘1 grammes per 300 c.c. 

They totally declined food and died of starvation in 
from one to three days. 

Boracic acid at this strength is clearly a deterrent and a, poison 
of the second class. It cannot of course be used practically. Its 
poisoning auction like that of borax may be duo to the fact that insects 
feeding normally on leaves of whatever kind never meet with it and 
so are totally umised to it. 

Lead oxide. (B,ed lead). Pb.., (),,. 

(Jaradnna exigna- 

3'7 grammes per 300 c.c. 

No. 50. Minimum 4/7. Maximum O/OO. Average 41. 
Pfodenia Uttoralls — 

3'7 grammes per 300 c.c. 

No. 9. Minimum 1/10. Maximum 1/70. Average 44. 

A nosia pkaifjms — 

No. 13. Minimum 3/24. Maximum 1/57. Average 36. 
Tdiose figures are curiously uniform and clearly put Bed lead 
in class 2, as a valuable insecticide ; it is good for its other qualities 
as well, such as cheapness, availability, insolubility and the like. 

LexVd sulphide. Pb B. 

Prodenia litioralis — 

4‘0 grammes per 300 c.c. 

• No. Minimum. Maximum. Average. 

4 l/:5(5 2/00 51 

4 1/48 1/00 00-5 

Anosia flexipf us — 

No. 10. Minimum 2/16, Maximum 1/72. Average 37*8. 
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Gamdrina exigua — 

No. Miuimiun. 

Maximum. 

Avcra}f(; 

n 


1/150 

77-5 

15 

4/:}o 

1/54 

40- 

11 

1/6 

3/00 

52-4 

10 

0/0 

1/21 

10- 2 

0 

4/20 

2/48 

30-2 


Tljis coinpoiuid appears to he siiniJar in its efl’tT'ts to Lead 
oxide {Red lead). As the sulphide would have to be used in its 
precipitated foni!,, the oxide would probably be cheaper and 
couveiiieut. 

Lead boua'I'e. Pb lb t-lv- ' . 

Camdrina exigua — 
ro granune per 300 c.c. 

N<i. Miniimiin. Miiximriiii. Av(‘r!>,!j;('. 

4 1/78 J/04 84T. 

12 • 1/42 I /'.){] 7(1 

It might have been expected that this (.'oinpound would hav(' 
proved at least as efficient as Lead oxide, if only hecansf* boric 
acid gave such decidedly favourable results. Tlie aliovi' (igimss 
for Lead borate are distinctly worse than those for either Jloric 
Acid or for Lead oxide. 

Lead caebonate. Pb Co.i. 

Garadrma exigua — 

4'38 grammes per 300 c.c. 

No. 12. Minimum 1/36. Maximum 1/126. Average 78. 

fe also “ White Lead ” page 285. 

Baeium peroxide. 

Garadrim exigua — 

2*8 grammes per 300 c.c. 

No effect. The larvso (18) li\''cd up to a week and tlien 
pupated. 

Barium carbonate — 

, Gamdrina exigua — 

No effect. 
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The results contrast rather strongly with those obtained from. 
Barium oxalate and Bariimi borate, vide below. The latter 
compounds, while variable in their eliects, gave indications of a 
considerably higher killing power. It is probable that the latter 
is rather a measure of the respective powers of Boric and Oxalic 
acids than of that of Barium. 

Barium OXALATE. , 

Gamdrina exigua — 

4*1 grammes per 300 c.c. 

In the first trial with 4 Gat(vrpiliars, tire following resvdts 
were obtained. : — 

I (.liyd in () lunirs. ' 

4 ,, „ 42 ,, / u vei'agf killing puwnr — 40, 

I. „ „ 72 „ / 

})ut ill a subse(|uent trial with, 12 ca,terpillars only 2 died in 3 
days and the rest luipad.ed. 

It would apjiear th<M‘ei‘ore that tlie eifect of Baiium oxcdati', 
while distinctly good in sono'^ (oises, is not sulhciently constant to lie 
depended on eve.n at the great strength of 1 lb, in 7 gallons. 

Barium borate. B,^ 1.1., ( 

(rt) At a strength of 0*0 gramme per* 300 c.c. and 1 lb. in 50 
gallons, this co,mpound was without effect. 

(6) At a stiAvngth of aliout I lli. in 10 gallons one exp(U‘iment 
gave an average killing period of 35 hours and a seco.nd one of 50 
hours. In a third experiment however, out of 15 catei-pillars, 
only one had died in 36 hours, when the experiment wa.s stopped . 

These results viivy amongst themselves to sucli an extent as to 
I'ender further trirds advdsable ; but judging from the figures i'or otlier 
compouiuls of Barium, i<; is not probab.le. that .Barium borate would, 
at reasonable streiigt;,h, jirove to have a powerful insecticidal eifect. 

Zinc oxide. Zn 0, 

Caradrina exigua — 

1 *3 grammes per 300 c.c. 
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Tlie mean of six experiments at tire above strengtli with this 
compound gave an average killing power of 52 with extremes of 
84 and 27. 

While the extreme figures would place Zinc oxide low in the 
scale of possible insecticides, the low figures, of which there were two 
below 40, make it, on account of its cheapness, well worth further 
investigation. 

Zinc sulphide, rs grms, per 300 c.c. ZnS.“ 

At the above strength Zinc sulphide was quite ineffective with 
{a) larvae of G. exigua, {h) Pierid caterpillar on Bagnai, 

Oxide OF IRON. (1 lb. in 16 gallons). 

Diacris ia ohligua — 

The following are the results with this compound 

20. 1/96 4/120 2/144*13 pupated. Average 1*123. 

All the food given to the caterpillars was eaten, and Oxide of 
iron is obviously quite harmless. 

Burnt sienna — 

See results on p. 285. 

Burnt umber — 

See results on p. 285. 

Prussian blue — 

See results on p. 285. 

Yellow ochre— 

See results on p. 285. 

Ultramarine blue — 

See results on p. 285. 

Lemon chrome— 

See results on p. 285. 

Chrome alum — 5*5 grammes in 300 c.c. 

{a) Pierid caterpillar on Copparis. 

(b) Larvae of Caradrina exigua. 

This compoimd inoved to be harmless as no deaths took place 
within 5 days. 
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Alum— 5*0 grammes in 300 c.c. 

Piericl caterpillar on Goffaris. 

At tlie above strength, the killing power of this compound was 
only 11.5. It is therefore useless. 

Magnesium oxide — • 

Had no effect at all. 

Magnesium carbonate— 

No efiect. 

Magnesium sulphate. 4-1 grammes in 300 c.c. 

(n) Caradrina emgua — 

This compound appears to have a much more powei-ful effect 
than either the Oxide or the. Car1)onate, for out of 20 cater])illa]’s 
11 died in an average of 45 houi's. Even on this result howcvci’ 
Magnesium sulphate would only come into class 111. Its 
solubility, of courses, would prev(yn.t its being used in jiraclice : but 
it might be worth, while trying the effect of a Magnesium ])()rate or 
of Magnesium oxalate. 

(h) Si/lepki. No effect. 

Stannous oh.lo.PvI.de. 3-1 grammes per 300 c.c. 

Gctrad/rina exigiia — 

Three died in 36 hours, two in 60, the rest (12) wei’c unaffected. 
Sylepta derogcUa — 

No effect. 

Sodium carbonate. 4‘4 grammes per 300 c.c. 

Garadf ina ewigua — 

The average killing power, in one experiment, of this compound 
was, 51 ; probably due to its caustic properties. Tlie latter however 
as well as its solubility prevent its being considered as a practical 
insecticide, even if its killing power was sufficiently great. 

Potassium chloride. K CL 2*5 grammes per 3()0 c.c, 

(a) Caradrina exigua— 
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With tills compoimcl, in one expemneut 


eatorpillai'K died in 24 hours. 

4 more » ” »' 

4 . „ M 54 „ 


Tts average killing power was therefore 37 ; a fairly good res, ill, ; 
hut the coinpouiid is not, on account of its solubility, a ])ossi > < 
insecticide. 


Sjjlefta derofiata- 
No effect. 


(JO-PPER TANNATE — 

2 grammes of (Ju S Ou r> Hs O in :5<>() 
4 „ ,, Ta'imie Aeid » 

Prodenia Ultomlis— 


No. 20. Minimum 1/48. Maximum 5/144. Averag(m2. 
It is interesting to compare this vdtli Lead Taimate, which is 
distinctly class IV. One would not perhaps expect Tannates or 
Tannic Acid at all to affect insects and the action may be due .solely 

to the metallic salt. 

Lead tannate. 7 grammes in 30(4 c.c. 


grummet; Lend Acetat e. 
„ 'J’aimie .Acid. 


Prodenia Uttoralis — 

This compound was found to be incapable of killing iiiorc 
than 8 out of 20 caterpillars in 5 days. It is tluArtifore .much, less 
powerful than Copper Tannate. The figures we:re— 


20 larviB. 

2 died in 96 hours. 

1 „ ,, 100 

1 ,, „ 108 „ 

1 ,, ,, 120 „ 

3 „ ,,144 „ 

6 pupated. 

2 more pupated. 

4 failed to pupate. 


6 moths emerged. 


failed to emerge. 
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Manganese dioxide. Mn 0.. 

No result. 

1.1-lON SULPHIDE. ,Fe S. 

No result. 

I’henyl hydkazine httdrochlokide. 1‘8 gi;aiiiim's in 300 c.c. 
Gamdr ina exigua — 

No. 20. 2/30, 6/60, 12 uuallected. 

Syl&pta derogala — 

No. 20, Miniiuuiu 1/6. Maxiinuin 7/48. Average 27*3- 
Diewrisia obliqua — 

No. 10. Miniuuiiu 2/85. Maxinuuu 1/240. Average 140. 

Acetamide. 2*0 giuiuines in 300 e.e. 

Gamdrina exigna — 

20. Miminulu 1/30. Maxiiiumi 6/60. AA'c-rage 
10 caterpillars lelt imk*ill(s!. 

Metaphenylene diamine jiYDRociiLoiuDE. 2*4 grammes iii 
300 c.c. 

Gamdrina exigua-- 

No. 20. 3/30, 2/54, 2/60, 11 unaifectcHl. 

Tbis coiii|)Oim(l had no irlTect on tin' (Jottou ieaf-i'oller. 
Potassium eeeiiocyanxde. 2*0 gi-a.mmes in 300 
8yl( pla derogaki — 

'Noi'JTect. 

Garadrhia exigua — 

No. 20. 1/24, 3/36, 6/60, 0 left. 

li, a,p])ears from. lhis and fi‘o.m results obtained for otliei* com- 
poimds lha"t G. e.r/j/an is much more easily aifected tluiu the Cotton 
leaf-roller. 

Potassium eerricyanide. 1*8 gramiuos in 300 c.c. 

Sylepta derogata-- 
'NoeffeeP 


m 
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Camdrina exicjua— 

No. 20. 2/36, 5/60, 12 left. 

This result corresponds very closely with that for Pohissniiii 
ferrocyanide. Neither is sufficiently good to render it an, cHicient 
insecticide, even if its solubility were not a bar to its use. 

Picric ACID. 2*5 grammes in 300 c.c. 

Sylefta derocjata— / 

No efiect. 

Caradim exigua — 

No. 20. 1/24, 3/36, 5/60, 10 left. 

Potassium bichromate. 1*6 grammes in 300 c.c. 

Sylepta d&rogata-- 

No effect. 

Caradrim exigua — 

No. 20. 3/36, 5/60, 2 parasitised, 10 left. 

M.orphine, 0-3 grammes in 300 c.c. 

At the above strength, no appreciable effect was pi.’oduced in 
Bylepta derogata. 

Ammonium persulphate. 1*0 grammes in 300 c.c. 

Sylepta derogata-- 

With very large specimens in one experiment no effect was 
produced. In a second trial with smaller caterpillars tlu'- following 
results were olitained : — 

20—1/6, 6/36, 5/60, 1/72, 2/84 = 50. 

Caradrina exigua — 

1st tria,l 20— 13/12, 2/22, 1/24, 2/36, 1/52, ,1/96 = 22. 

2ndtrial:— 20— 1/6, 2/30, 7/54, 9 left. 

•Judging by its effect both on Syhpta and, Ckmdriua, Arniuoniiiin 
persulphate is a fairly powerful insecticide and it would a,i)p('ar thai 
the effect of insoluble compounds of this acid might !)('. worfli 
investigating. 

Bodiwm benzoate. 4*8 grammes in 300 c.c. 

No appreciable effect on either the Picrid caterpillar or on 
Garculrina exigua. 
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CAFPEiisr. 0*3 gramme ill 300 c.c. 

Caffeiii was found to be quite ineffective with Sylepta. 

' Sodium, tartrate. 3*8 grammes in 300 c.c. 

No action on Pierid caterpillar or on 0. exigua. 

Tartaric acid. 2*5 grammes in 300 c.c. 

No action on G. exigua. i 

Sulphur. 0*5 gramme in 300 c.c. 

No action on Pierid caterpillar or on G. exigua. 

Quinine. 5 grammes in 300 c.c. 

No appreciable action on the Pierid catei*pillai:‘ oi* on 
Caradfina exigua. 

Carbolic acid. 3*0 grammes in 300 c.c. 

Had no effect on Pierid catei'pillar or on G. exigua. 

Sodium sucginai’e. 2*8 grammes in 300 c.c. 

No appreciable effect on Pierid (aiterpillar. 

Tannic acid. 3*0 grammes in 300 c.c. 

No effect on Pierid caterpillar. 

Gallic acid. 

No effect. 

Lac. 4*0 gi’ammes in 300 c.c. 

Sylepta derogata — 

20 — 511 , 4/38, 8/14, 1/24, 2/26 =V;75. 

Diacrisia ohliqiia — 

10 -2/78, 2/126, 2/174, 1/198 = 136. 

Lac thus proved to have a powerful killing effect on Sylepta 
derogata wliicli is particularly resistant to many otliei* inordinate 
poisons. 

In the case of Diacrisia obliqua, its actual killing power is very 
low according to the figures ; but for 3 whole days, the caterpillars 
refused to eat the lac-treated leaves ; lac, in this case, appears to 
have acted as a very effective preventive. 
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On the whole it would appear tliat lae lias sullioinol; [loMHihilitif^s 
as a preventive to justify furtlier trials. 

Chloral hydrate. 2*75 granunes in. 300 e.c. 

Sylefta derogata — 

Practically 110 effect. 

Caradrim exigua— 

(1) 20—11/13, 1/23, 1/24, 2/36, 2/60, 2/70, 1/147 ■= 34. 

(2) — 20. None died in 48 hours. 

The above results do not indicate that this substance has any 
probable, value. 

Stryci-in.ine. 0*3 grainnie in 300 c.c. 

Caradrina exigua — 

14—4/18, 3/30, 2/64, 5/78 = 46. 

Pierid mterf illar— 

(1) 20—1/6,11/15,1/24,7/31 =21. ; 

(2) 19—2/5, 4/8, 9/38, 3/50, 1/56 = 31. 

Sylef ta demgata — 

10—3/12, 1/24, 3/36 = 16-8. 

In this case 20 caterpillars were put into the cage but the ex- 
periment was stopped after 48 hours. 

The general effect of the small amount of Stryriinine used, 1 11 ). 
in 100 gallons, shows that its effect is a powerful one. In the case 
of the Pierid caterpillars the whole number put in were moribund 
in 8 hours. The price of pure Strychnine would be prohibitive ; 
but it is possible that a crude preparation might be sufficiently 
cheap to alloAV of its being used economically. 

Brucine. 0-3 gramme in 300 c.c, 

Syl&pta derogata — 

(1) 14—2/24, 4/60, 3/72, 

(2) 20. None died in 48 hours although leaves wei.-c (^jidcu. 
Brucine is therefore far less powerful in its. action tlian iffayciininc. 
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Saccharin. 2*0 grammes in 300 c.c. 

Sylepta deroqata — 

17—-2/12, .1/56 = 58*7 

6/.14, 2/38, 2/86, 1/132 = 1/180. 

It .is ohvioiis from the above ftgures 1;liat Saceliarin does not 
offer any possibilities of useful application. 

Poi’ASSliTM IODIDE. 5*5 grammes in 300 (*.e, 

[a) Cotton Leaf-roller — 

No effect. 

{h) Caradrma (xrigm — 

2G— 2/24, 3/36, 3/60, I 3 left’^ 

(o) Bylepta deroyata — 

No effect. 

Potassium Iodide lias tlierefor(‘ no maiirc.'l action. 


PAUT III. 

The series of experiments above described are all on. captive 
insects fed on picked food, not on the growing plant or free to 
wander What actually happens in field spraying ? Do the cater- 
pillars feed and die, do they feed, get ill and wander away or what 
happens From observation of sprayed crops, we believe that 
bodi the above occur, but that with some poisons death occurs fairly 
soon as the insects do not perceive, the poison, in others the poison 
is either tasted or makes them unwell and they then wander, seelc 
in<^ unsprayed food and are gradually poisoned, are starved or are 
de'stroyed by birds since they wander off the plants. This can he. 
well iliustrated by feeding caterpillars on plants growing in the open 
under cages. In one instance, Diacrisia wTie feeding on the wild 
nettle ; a clump was sprayed with Lead Chromate in watei: and a 
cac^e put over, large larvas of Diaarisia were then put in ; they fed 
a httle here and there but not normally ; they wandered about tlie 
cage ; they remained alive for several days and actmxlly managed to 
eat iiito the succulent stems and feed on the iuispi.’aycd tissue ; 
they became boring larvae to some extent, a habit they never sliow 
normally and but for being incommoded by their dense covei’ing of 
hairs they would possibly have gone completely inside. This illus- 
trates very well the deterrent action of Lead Cliromate and tliis 
action is not confined to this compound. The action of Naphtlialin 
is discussed helow in Appendix HI. 

It would appear that one can think of stomacli poisons in, two 
ways ; thei’c are those which arc iinperceived poisons, th.t‘, 
absorbing a lethal dose before the eftects manifest lheius<dvcs 
(either on account of the virulence of the poison or of its not prociu- 
cing irritant symptoms) ; there are those which are less ])oisonou.s 
but which either produce irritant symptoms or are pcr(i(.M.v(‘cl, 
rendering the food-plant distasteful. Which action an ind-ividual 
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compound has, depends to some extent on the caterpillar used, 
but if one tests compounds on one caterpillar throughout, one sees 
very marked differences in the way the poisoned food is taken. On 
the other hand different kinds of caterpillars shew marked difference 
in resistant power to the same poison. 

Speaking generally the most marked “ deterrent ” action was 
that of Lead Chromate ; perhaps the least was the Lead Arseniate 
itself but all in class I come under the category of poisons and not of 
deterrents. The classes into which we divide our compounds are 
therefore not based wholly upon actual poisoning effects ; a marked 
deterrent action slows the action of the poison very much, giving it a. 
higher lethal figure ; in practice therefore we have to select from 
classes I & 11 together. 

The practical outcome of all these experiments has Ijcen the 
selection of Lead Chromate as a standard stomach poison to replace 
arsenical poisons ; and the selection of certain available dry paints 
which are recommended for applica.tion as deterrents on young crops. 
An article describing the use of Lead Chromate as an insecticide wa.s 
published in the Agricultural Journal of India (Vol. V, p. 138). 
An extract from this is appended (Appendix II). Its use has also 
been described in Bulletin No, 23, Agric. Res. Inst., Pusa, on 
insecticides. It is a’^^ailable as a powder, pure or at slu'cngths of 
33% or 50%, and a s a paste containing 66% of Lead Chromate. 
It may also be prepared from Potassium Bichromate and Lead 
Nitrate or Lead Acetate. 

The further outcome has been the use of dry paints ” as de- 
terrents particularly on young crops ; the following are available in 
India at the approximate indicated prices : 


Lead Chromate 

Lemon ChroTnc 


As. G to 12 as. per il). 

Lead Oxide 

Uod. Lead . . 


Rs. 22 per ewi.. 

Lead Carbonate 

White Lead 


» 24 

Iron Oxides 

Oxide of Iron 


» 14 

M » 

Yellow Ochre 


» I'l 

J. • • 

Red Ochre . . 


„ 14 

.» » 

Burnt Sienna 


.. As. 12 lb. 

Iron and Manganese 

Burnt Amber 


» 7 

Z\m and Cobalt 

Saxon Green 




Sulphitie. 


4 
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Tlioso arc used for dusting particularly on yonng crops, swdi 
as cereals, to])acco, cotton, etc,, wlrich arc attacked ky giusshoppc-i's 
and surface weevils. 

The experiments Imve also brought out the value, as a sloinacii 
poison, of Naphthfdiue Emulsion. The great advantage is its 
volatility, so that green plants intended for consumption can la* 
safely sprayed when mature. Its preparation is dealt Avith in Ap- 
pendix 111'. 

Although the expejiments now described have been v('ry 
numerous, the work can only be regarded as a, more or less rough 
preiiminai'y to a much more thorough investigation ol individual 
compounds which have given indications of possible nfiliiy. in 
addition to those already mentioned in this siimmai'}', we would 
draw attention to the following : — 

Lead Oxide. 

Lead Sulphide. 

Copper Oxide. 

Copper Sulphide. 

Borates. 

Oxalates. 

Phenyl Hydrazine Compounds. 

Barium Compounds. 

Lacj. 

Zinc Oxide. 


APPENDIX 1. 


The insects used as subjects in this investigation are the follow- 
ing 

Ckiradmia exigiia, Hiibn. A common caterpillar, witli a huge 
range of foodplants, feeding on indigo, lucerne, maize, cotton, 
safllowei', gram, and a number of weeds. A. frdl account of it has 
been published. (Agricultural Journal of India, Vol. 1, p. 33B 
[1906] ). 

Ffodenia UUonilw. Boisd. Anotliej' common cater|)illa:r, with 
a still larger range of foodjdants, including tobacco, indigo, lucerne, 
cabbage, castor', jute, potato, mullrer'ry, etc. A full account of it 
lias lieeii piililiBhed. (Memoirs of the De|)a.i'tmeii,t of AgricuJtui'e in 
India, Entomological Series, Vol. 11, No. 5 [1908]). 

Ofhiusa mdicertc, Dr. J'he semi-looping caterpillar of the castor* 
plant, known, to feed also on Ewjdiorhki ‘pidulijem. A full account 
has been publislied. (Memoirs of tire Department of Agriculture 
in India, Entomological Ber*ies, Vol. li, No. 4 [1008]). 

A:mq)heis niesenima, Cram. Ileferred to a.s the *’ Pie rid.”’ 
A common caterpillar* feeding upon CapjMrls hornda (Bagnai). 

Maras'inia tra/pezalk, Guen. The Maize Jjeaf-roller, A Pyralid 
common on maize. 

Diacrisia oblifpia, Wlk. The Behar Hairy Caterjrillar ; an 
Arctiid ^\^hich is exti'ernely omnivorous and abundant. 

Hglcpla derogala, h'abr. The Cotton .Leaf-roller, it lias a 
range of food])lants in the Malmcem chiefly. A full aeeount has 
been published. (Memoirs of the Department of Agriculture in 
India, lllntornological Series, Vol. II, No. 6 [1908]). 

Anosia {Dmuiis) ahr/jdppus. Linn. Feeds on Oalolfop'm spj). 
ComiophUa mbulilera, Wlk. The Jute Semi-looper. Ai.i account, 
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has bmi pubHshed. (Agricultural Journal of India, Vol. 11, 
p. 109 [1907]). 

Burm. (OyHKmUlmms mvaoca, Stoll.). 
Ihe Black Spotted Grasshopper. Feeds on cotton. (Indian Insect 
Life, p. 86). 






APPENDIX II. 


Having defined classes I and II, the practical necessities of the 
case were considered ; for instance, Iodoform is very deadly, 
but useless as a field insecticide. We therefore turned to the sub- 
stances in classes I and 11 that might be tiseftil, and we found that 
some of them might be commercially available. What are the con- 
ditions which an. insecticide must fulfil ? It must be (a) insoluble in 
water or rain washes it off ; (6) cheap and easily available ; (c) stable 
and not apt to decompose into compounds that poison the leaf. 

Eliminating from classes I and II the compounds not fulfilling 
these conditions, there remained a small numbei' of substances, 
not of very high killing value, that might be valuable as “ deterrents’ ’ 
if not as “insecticides.” Thus, a plant sprayed witli Copper 
Sulphide might be so distasteful to caterpillars that they would leave 
it even if it did not poison them. The commercial possibilities of these 
were investigated, and it was found some of them were available as 
dry paints ; these were tested, and among them was a particularly 
effective compound sold as Lemon Chrome ; this consists of Cypsum 
and Lead Chromate in particular proportions to g.ive a lemon yellow 
tint. Lead Chromate was accordingly tested and gave good results ; 
its poisoning action was high, and it seemed likely to be a commercial 
possibility. Up to now all the tests were insectary ones ; field tests 
were then made, first on plants under control with a definite number 
of caterpillars on ; then, as opportunity off erect, on crops attacked 
by caterpillars. On these field tests, it was found that some other- 
.wise suitable compounds injured the plants, and as a result of these 
tests, all other compounds but Lead Chromate were, for the 
present, abandoned. Lead Chromate offers distinct adva.ntages ; it 
is easily made in paste form ; it is yellow and can be easily seen 
on a sprayed plant ; it is extremely insoluble ; soluble chromates 
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do not poison plants to tlie extent arsenic does, so even were it to 
decompose, it would not be injurious ; it does not decompose on 
a leaf ; it is not easily washed off ; it contains no arsenic. Duiing 
this year we have applied this compound to a great variety of 
crops ; we have sprayed them till every leaf was yellow ; the poison 
has remained on for over three weeks, thickly on the leaves, which 
were uninjured ; sprayed on to crops attacked by caterpillars, the 
caterpillars are killed, and the results obtained have been excellent. 
We have used this at 1 lb. in 32 gallons ; at this strength it is entirely 
safe, poisons caterpillars and acts as a very powerful deter fen t. 

In protecting plants from caterpillars and grasshoppc'fs tliore 
are two things to consider : are you dealing with a ca ter]) ilia r wliicli 
feeds specially on that plant, or are you dealing with a, gfasshopper 
or beetle which is not restricted to that plant ? For the former you 
must apply an insecticide, a real killing agent, that will poison it 
because it can feed on nothing but that plant, and all its instin,cts 
are to do so ; for the latter, a deterrent is sufficient, because it will 
leave that sprayed crop and go elsewhere. In certain cases a 
deterrent is sufficient ; in others, especially with caterpillai‘s, you 
must apply a really deadly compound in small amounts tluit will 
actually kill. Lead Chromate has not the poisoning effect of Paiis 
Green for instance, which can be applied at one pound in 200 gallons ; 
but it has a poisoning effect comparable with that of Lead Arseniatci 
and is, in our experience, a perfect substitute. 

Lead Chromate is made by dissolving in one lot of watei* PotaS“ 
slum Bichromate, in another lot of water Lead Acetate or Nitrate. 
The two solutions are mixed, and a dense yellow precipitate of insolu- 
ble Lead Chromate is formed, and Potassium Nitrate or Acetate. 
The latter is soluble and is readily washed out of the precipitate. 
We have neglected it and prepared our Lead Chromate by dissohdng 
the Lead Salt in the spraying machine, dissolving separately the 
Bichromate and adding the solution to the spraying machine. 
The figures are as follows : — 

60'2 grammes of Lead Nitrate combined with 29*4 graJiimes 
of Potassium Bichromate giving 64*6 grammes of Lead Chromate 
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allowing for impurities , we found that 65*2 grammes of commercial 
Lead Mtrate combined with 30 grammes of Potassium Bichromate ; 
in practice 2 ounces of Lead Nitrate combined with one ounce of 
Potassium Bichromate giving two ounces of Lead Chromate ; this 
is the actual amount required for one kerosene tin of water (4 
gallons) at full strength or for two kerosene tins of water at the 
usual strength. 

This is the best way to apply it, to mix the two solutions in the 
spraying machine and then apply it ; but the paste can be purchased 
and arrangements have been made for the sale of this insecticide. 

In India, there is a very large field for the use of insecticides, 
but they are as yet very little known. For many reasons they 
cannot be applied at present to ordinai*y field crops ; l)ut from experi- 
ment farms, from those cultivating valuable crops, fruit trees, or 
vegetables we get a steady stream of enquiric^s as to how to check 
beetles, gi-asshoppers, caterpillars and similar biting insects. li) 
all these there is but one answer : apply a stonuich. jioison : now that 
a non- arsenical stomacli poison is available, and that a thoroughly 
good reliable hand sprayer can be bought at a reasonable price 
in India, there is no reason why such, pests should not be dealt 
with. At Pusa we have occasion to use stomach poisons constantly ; 
against all insects that injure crops by ]:)iting the lea\n^s, we use 
Lead Cliromate and we can use no other method that is equally 
effective and cheap. The discovery of a substitute for arsenic 
removes one objection to this method of treatment, and we believe 
that there is no reason why the use of this insecticide vshould not 
entirely remove the losses experienced from this class of pest on 
the more valuable crops and on experiment farms. Idiere is at 
present no commercial agency that advertises and pushes the sale 
of insecticides and machines, but we have arranged for the sale of 
this insecticide and will give particulars on application. (Agricul- 
tural Journal of India, Vol. V, p. 138, “ A New Insecticide.”) 


APPENDIX III. 

Peepaeation of naphthalene emulsion. 

“ Dissolve 6 oz. size (Patna sirisli) in | gallon water ; into tliis 
stir 1 lb. of soft soap. Dissolve 1 lb. of naplitlialene in 1 gallon of i 

kerosene. Mix the two solutions at once, and add anotliei: ball 
gallon of water. The size-soap solution must be as hot as possible 
and the mixture must be well agitated while mixing.” 

In actual practice, we tried varying amounts of naphthalene ; 
as this is the active ingredient, it is desirable to have os much of 
it as possible ; by warming the oil, more naphthalene is dissolved 
and it was found that the emulsion came successfully in eveiy case. 

Two, four, six and eight pounds of naphthalene were dissolved in 
the kerosene by warming for 6 lbs. the oil was heated to 
(4:3°C.), for 8 lbs. to 140°F. (58°C.) ; the temperature required for 8 
pounds is as high as is safe in actual practice with ordinary heating 
over hot water or a fire. 

Using 7 lbs. of Naphthalene the cost is . 

G oz. Size . . .. .. 2 at;. 

1 lb. Soft Soup .. .. .. 2 ,, 

1 gallon Kerosene . . , . . , 14 „ 

7 lbs. Naphthalene .... . . IG „ 

Rs. .. 2-2-0, 

Using this at 5 lbs. of Naphthalene to 100 gallons makes the 
cost per 100 gallons about Ee. 1-14-0. 


At this strength, the mixture was tested on Castor for Of)hmsa 
’tuclicc) tc-i and Prodcnict littoixdis^ half the field being sprayed with, 
Lead Arseniate at the same strength as a check. The concentrated 
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emiilsioii of Naphthalene mixes well with water, no separation taking 
place ; it keeps well and there was no difficulty in application, llic 
action was very curious ; the plants were swarming with the cater- 
pillars and were well sprayed with Knapsack sprayers. The iin- 
raediate effect of the Napthalene was to make the caterpillars rest- 
less ; they moved about seeking unsprayed leaves ; they bored into 
the soft stems ; the young ones died, the mature ones became sick ; 
for one day all feeding practically ceased and the caterpillars were 
all moving ; but next day, after a day of hot sunshine (temperature 
in the shade 95°F.), the plants were free of naplitlialene ; tlic cater- 
]3illers still in the field were feeding again ; tliere was no siuell of 
naphthalene and the destruction recommenced. 

The half sprayed with Lead Arseniate gradually becaine cleaj‘ 
of caterpillars ; they died largely, though some moved away, but oil 
the whole the action seemed to be one of dij-cct poisoning, i ii three 
days it was clear and remained clea,r. Idie Hel<l was sprjiyed 
throughout at the same time and there was no space between the 
two halves. 

Naphthalene applied in this way has no poisoning effect on 
any but small caterpillars ; it lias a deteiTent effect and it is as a 
harmless deterrent, which will have evaporated in a day or two days 
that it is valuable as an insecticide. It is used on vegetable crops 
intended for consumption with great effect and it is useless as a 
field insecticide. 


APPENDIX IV. 


PREPARAI'ION OE CoPPEE BoEATE on a LARCn^^ SCALE 
FOE FIELD USE. 

As the composition of Co])per Bonite is st.atc(! io be un('<>iiain 
and no really definite iiifojination conld l)e loiiiid coiu'orning ii : 
a few expeiimeiits were performed, to see if tlie preparation oi Cop- 
per Borate by double decomposition from (.■ 0 })per Siiiplmte and 
Sodium Borate follow the etpiation ; — 

Cu So,. 5 Aq + Na, B, ( V .lOAq, - (‘u B, 0, + Na, So, + 1 5A(|. 

Solutions of Copper Sulphate (5^-,,) Borax (3*852 grajiuia's 
per 100 c.c.) were made up. and portion.s of tlie one addia! lo I he 
other until no furtlier precipitation took ]>Ia.ce and Polassium 
PeiTocyanide did not show its well-known, reactioj) wilh Copper 
(a brown colouration) with a dro]) of the solution. 

The reaction between the Borax and Copper Siiljdiab* was foiual 
to be iinsatisfactoiy ; if the Copper solution be ad.ded to (lie Borax 
solution, constant results are obtained, but dilTerent thougli ecjually 
constant results are obtained if the Borax solution is added to the 
Copper solution. Thus when Copper was added to the lioiux, it 
was found that 1 c.o. of Borax solution was cquivuleiit to ()’58 cs*. 
Copper solution, while when the Borax solution wa>s addiui to }i)(> 
Copper solution it was found that i c.c. of Boj'ux solution was (‘(pii- 
valent to O'bS c.o. of Copper sulphate solution. 

As it is advisable to have the borax solutioii. in. slight (‘xccss, 
or in other words to precipitate ail the copper it was decided to lake 
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the fiRst nanierl figure, 1 c.c. of Borax aolutiou ^ 0'r»S of- 
CViRoj aolntiou. From tliis : — 

03)3852 gramme Borax = 0‘029 graTurnc FnSo^. 
or, roughly : — ■ 

4 of Borax = 3 of CiiSo^. 

Prefamtion of the Sfmymfj mixture. 

From 0 parts of Borax and 5 parts of Ooppor Snlphaio 
4. V parts of Coppor Eorate are obfaiiipd. 

Yon ffant. f.p., 1 Ih. in 20 o-allons. 

•2 „ „ 4 

•:!8 !l)s. of P.orax and ■25 of OiiiSo^ ='2 of (.Vtpper Horate. 

0 O/.. ,, ,, ,, 4 OZ. „ ='•{ ss „ 

or one eliarge of the 4-"alloii macliine. 
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BXPLANaTIOK'O'F PLaTK XV. 

ilggR iaid b t'ho a X ; 

.'4, a few iunws j4ck;j;|l / p 1. I tUni .]• 

'i. F(^g a lioiit «. day iiUl. X fH. ' 5 ^ ^ 

4. Nymph, drwt siuj^p. X (54, . V, . 

5. ' - Wa,\ -x'bo: ' 

''6,'’’ '• '‘thl 54 X 04 r), \ ii>- .-j-'-'Vi «.5Vi sj'f-' 

'f,''^i'v, iiJifoiarth -VT*- JiX^9tind i;'5 tUi;?' , 'in. 

p:.iv VmtliV.,, X 20. 

9. Imago, female. X 20. 

10. The mhd M of the t^bdomeii of male. X 2y. T’ | • ^ '. VpI . 

11. An adult female sitting on a Hhoot. X^;2. ^ . .. .^ 

1‘2.' Tlie hcadbf'a'Tdva-Natal indigo plant showing cl'iiniplmg'df t'he 

produced by the feeding of the nymphs ; with a nymph sitting ju-st 
beiuw the head. 







PREFACE. 


The observations included in this Mernoii* were made in con- 
nection with the investigation into the pests of Indigo in Behar 
which Avas taken up at the request of t/he Behar Pla.iiters’ Asso- 
ciation in December 1911. A general account of the pest and its 
relation to other diseases of Indigo was published l:)y Mr. H. 
Maxwell-Lefroy, the former Imperial Entomologist, in the Agricul- 
tural Journal of India, VoL VIII, Part 1, and, the details of .more 
scientific interest are included in this Mnnioir. This number will 
complete VoL IV. 

■PUSA, I 

November 2l6‘f., 1913. J 


A. J, GROVE, 

Ofjg, Imperial Entomologht 



THE LIFE-HISTORY OP PSYLLA ISITIS BUCKT. 
(PSYLLOPA PUNGTIPENNIS, CRAWFORD). 
THE “PSYLLA" DISEASE OP INDIGO 


i!y 

A. J. GLOVE, M. Sc 
Oflklal/iti/ InrficruU Pnlomoltxiis/ 

AND 

0. 0. Gliosn, B. A 

Asxisiaiif lo If/e Iw'perlal E/ifomolnnist. 

INTROJHTCTION. 

Hu* fu'sf of Ok* iiuli,i*'o phiiil- wliicli lias hocouu* Iviiown in Beliar 
;is fndigt) “ " is :i<'(‘ouni.;(.l)|{‘ for a gi.*<>at deal of da,ioag(0"o tlie 

indigo eroj), Oioiigli lias stated l>y Lefroy (Agile, Joum. 

India, Vol. VI 11, pi. I), it caMiiot he lu'ld (Mitin'ly l■esponsi1)il* for 
tlu* failunn (*sp<'eially of the <‘i*op, in, rc'Of'nt yea.fs. 

A Psyllid alta.<'k’ing indigo was first deserihed hy Ihiekton 
(Indian Aluseuni Nolns, Vol, If, page IS), hut in tlu*. aneoiint given 
hy Ooti'S it is sta,t(.*d : “'The indigo shoots w(‘r(‘ found e(»\a*r(*d with 
iuinuti*. hlaek scales ('.aeh containing a partially (levelopod, Homop- 
tei’oiis inse'd', which was at hi’st supposed to be one of the ApliidjB, 
hut which has since hi'cn desia'ihed hy Mr. (I. B. Bucktoii as a 
pupa of a, uc'W s]U‘ei('s of ILyllidjn, wliich he naiues Psylki isitisP 
These hbu'k s(‘.a,l(‘s wei'i* proha, hly an Aleyrodid which is eonnnon 
on indigo and ha,d no coniuadion with the .Psyllid, On pa,g(*, 167 
of the same volunu' of Indian Museum Notes, Pm/lla LdL is put 
down as '"a niiniili* insi'ct, which forms galls on indigo {huliyolmi 
fiti.cloi'l(i) phints. It, wa,s r(*]iorted in, 1890 as excessivi'ly ih'striie,- 
tive to indigo in Bengal," Mere, again, the hard knot ol curled 
leuA’cs produced hy tlie attack of the insects has prolialdy been 

J. 
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Hiistrikeii, for n ga,ll. Biiekton’H do.scriptioii, of the ,s))(:M‘irvieiis Koiit; 
to liiin. is as follows : 

Psylla isitis, iiov. sj). 

Piffa . — Colour shining yellow wikh the edges of 1h<' alshoni- 
nal somatic rings rich, brown. Vertex l)ristly, ('V(‘s angnlai'ly 
facetted, large and red. Rostrum short and stout, ))i-o(‘i‘('ding 
from between tlie eyes, and lying between tlie for(‘ (-oxixe Pro- 
notnm corrugated and tubercnlose. Antenna with eight joints, 
the two basal joints stout and somewluit globose ; tlu' t hird and 
eighth joints the longest. Wing-cases doulde, but not^ st'paj’ate. 
Abdomen globose, the soinata edge<l with rich brown, and marked 
with stigmata. Tarsus obscurely twcnjointed, ending with oiu' 
claw and two bristles. The larval form is smallt'r tlian 1h(^ |)Uj)ivl, 
iind has less developed antemuB and feet. Size 0-()5 x ()‘()3 of iiudi/’' 

This does not give a very accurate description wilien com- 
pared with living specimens, and the figun' given is not good. 

Crawford has recently described tlu‘ ins(M-.t from adult s|)eci- 
mens sent from the Pusa collection and has c-alled it Psyll(y}Hi 
fwmt/ifefmis and in his description (see page 340) says iliat' this is 
probably the same as Bucjkton's Psylla isitis, but in oi'dei* to avoi<i 
confusion, has given it a new name. 

An examination of Buckton’s type specimens leaves litth* 
doubt that the insects described by Biickton and ( Vawford a:iv 
identical so that both names have been given. 

The name "Psylla’' has arisen from, the name giv(ui to the 
insect by Buckton and has become so firmly established as a common 
name for themnsevt that it has been retained and is used as sucli 
in this Memoh-. 

Life-history. 

The insect will breed all the year round provided thal suii- 
ahle food-plants are available. The time which elaps(^s betwcfui 
the laying of the egg and the appearance of the a, dull howi'Nau- 
varies at difi’ercjit times in the year according to tein[)(‘rai inv 
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conditions. During the cold weather the period may extend 
to forty-six days (February and March 1913), whilst in the hot 
weather may be as short as fourteen, days (August 1912). As would 
be expected therefore its attacks are most felt in the Mioontie crop. 
This short period necessary for complete development, combined 
with the large number of eggs which each female is capable of laying 
explains how the crops in the field become badly attacked in a 
comparatively short time, especially as only a few nymphs are 
necessary to produce a marked efiect on the plant. 

The differences in the length of the period of development 
are shown in the following table : — 


r)iifc(5 of oviposition. 

Dale of hatcliiug. 

l)a.te of emergt'uee 
of adult. 

Period. 

i'VbiMiarv 2r)th, 11)12 

Ma,reh 6tli 

Ma,r(4i 25th 

:«) (lavs. 

March Isli 

March 11 th 

March tfOtli 

:!») „ 

April 1 nth .. 

Aynil 24tb 

May 6th 

22 „ 

May loth . . 

May 18th 

,lune l.st 

2:5 „ 

June 2()th . , . . 

.lune 24th 

.Inly 6th 

17 .. 

.July 7th . , . . 

July nth 

July 24th 

18 

August 21st . . 

August 25th 

iSepteniber 8th 

U) „ 

September 8tb 

SeptemlK'r 1 Ith 

Sepleniber llOtli 

28 

January 26th, 19!:} 

February 1 Jth 

March 12th 

4<i 

.Feln'uary 1st „ 

February 22u(l 

March 1 6th 

44 


The number of broods is probably from twelve to fourteen. 


Nine generations were traced, between February and September 
1912, when it was found impracticable to carry the experiment 


further. The generations are as follows : — 


( reneration . 

Date of ovipositiou. 

Date of emergence of 
adult. 

Period. 

Fir.st 

25th-27th Fcbruarv 1012 

26th March 10 12 

20 (lavs. 

Second 

28th Miuxdi 

24th April . . 

28 „ " 

IJiird 

25 th April 

20 th Mav . . 

26 „ 

Fourth 

24th May 

16th June . . . . 

2:} .. 

Fifth 

21, St June 

8 th July 

20 ,, 

Sixth 

1 Ith July 

28th .July .. 

18 „ 

Seventh 

Jrd August 

21st August. 

10 „ 

Eighth 

25th (?) August 

7th Sejitomlior 

14(?),. 

Ninth 

10th September 

27th Sept(‘mb(M' 

18 


The egg . — 'The egg (Plate XV, figs. 1-3) is small, spindle- 


shaped when seen from above, tapering to each, end, one end being 
broader than the other. It measures *25 m.m. in length and T ni.m. 
in thickness at about the middle, The surface of the egg-shell 
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is smooth. When freshly laid it is palish yellow in colour wdh 
a tinge of orange at the broader end. Aft(M‘ a few lioiirs il gin- 
dually darkens in colour becoming eventually (juile black, 'rhis 
only applies to fertile eggs. Unfertilised ones becoim* a, liltle 
darker after they are laid but never become cpiite blaclc and of 
course never hatch. The eggs are fastened to the surface on which 
they are laid by a curious projection of the egg-shell. About one- 
third of the length of the egg from the broader end the egg-slndi is 
pulled out into a rounded protuberance which is ])urie(l in llu' 
tissues of the plant and holds the egg in position on tJn' plani . The 
situation chosen by the female for oAdposition is not conslanl, bn I 
the greatest number of eggs was observed in ilie groove of I he 
rachis of the leaves. Almost any site on the plani. may he ehosim 
and eggs have been found on the stem, in the axils of Ihe Icaft'fs 
and of leaves and on the upper and lower siirfaees of the leaflets. 
The positions are, however, always selected with a vi(‘w to ai’fording 
protection to the egg, for even when laid upon, tlu^ stem t lie ('ggs 
are almost invariably placed in the grooves on the surface? and 
when deposited on the leaves they are mostly found in tin' fiii'row 
of the midrib or smaller veins or by the side of raised veins. 

The eggs are laid singly, the protuberance of ea,ch be'ing thrust 
into the tissues of the plant separately. No (hdinite order w;is 
observed, but the eggs are gener-ally laid i.n rows o,t; varying (lis- 
tances apart in a groove or furrow on the plant with tlicir long ax(>s 
pointing in the direction of the furrow, but l:)eeause of tiu' iiatiu-c 
of their attachment to the plant never one on to]) of another. On 
the surface of the leaf or under the stipules a few are often placed 
side by side with their long axes parallel. 

Varying numbers of eggs laid by diifereiit IVmales haw' b(‘(‘n 
observed, the numbers ranging from 208 to 828. The following 
tables give the record of the oviposition of sc'Vfn-al fcnialcs: - 

Two females A and B emerged on IbduTiary 201 h and w('rc 
kept together in a cage along with several males. Ilctw(‘(‘n 21st 
and 22nd, 34 eggs were laid and the femakss weie 1ak<*n out and 
confined alone on separate plants, The oviposit, ion l'('(■ol‘{ls (if 
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oaoh are sliown separately. Both escaped alive, A on Marcli 15th 
and B on March 7th. The eggs laid by A between llth and 15th 
March were not all fertile as some of them did not hatch. With 
B too, of the eggs laid between 3rd and 7th March, only one hatched 
and the rest were unfertile and failed to hatch. 

OviPOSITION RECOED OF A. * 


I’uriod. 

Oil 

.stem. 

On stem 
at axils of 
leafstalks 
or by the 
skie of 
stipules 
or butls. 

In 

groove 

of 

rack is 
of leaf. 

At 

axils 

of 

leaf- 

lets. 

On 

leaf- 

lets, 

upper 

surface. 

On 

leaflets, 

niuler 

surface. 

H 

JO A.M. 

.)•> 

mi). 1,0 10 A.M. 2.'! Ki4). 

1 


4 

1 


3 

10 

t(< A.M. 

2:i 

1.0 4 i>. M. 24 ,, 

4 

5 

li 



0 

22 

4 f.M. 

•24 

., to 0 \.M. 2.") ., 

2 

1 



1 

3 

7 

J) A..M. 

!2i.) 

,, to 2 i‘,M. 27 ,, 

7 

2:» 

34 



7 

71 

:! T.M. 

27 

,, toll A.M. 28 

1 

2 

(i 

! 4 



13 

J1 A.M. 

2.S 

,, to 10 A.M. 29 M 


9 

2 



5 

10 

10 A.M. 

20 

,, to 4 i>.m. 1 Miir. 


10 

13 

12 

7 

13 

5.5 

4 I'.M. 

1 

to 1 1 A.M. 2 



2 

2 


3 

7 

ii A.M. 

*2 

to 11 A.M. 3 ,, 


24 

17 

(•> 


5 

58 

Jl A M. 


,, to i)A. M. 4 ,, 


1 

3 

3 

1 


11 

i) A.M. 

4 

,. to 10 A.M. T) ,, 


8 

10 

5 

2 

‘ *3 

31 

10 A..M. 

,-) 

,, to 4 i>.m. 7 ,, 


24 

17 

11 

2 

() 

00 

. 4i*.m. 

7 

,, to •2 i*.m. 11 ,, 


48 

.5.5 

40 


10 

159 

2 P.M. 

11 

,, to 8 A.M, 15 ,, 

2 


9 



2 

IS 







1 



538 


OviPOSmON RECOED OF B. 


I’ci'iod. 

On 

stein. 

On stum 
at axils of 
leafstalks 
or by the 
.side of 
stipules 
or buds. 

In 

groove 

of 

racliH 
of leaf. 

At 

axils 

of 

leaf- 

lets. 

On 

leaflets, 

upper 

surface. 

On 

ieatlels, 

under 

surface. 

Total. 

10 A.M. 23 Feb. to 9 a. A t. 25 Feb. 

2 

8 

10 


1 

2 

29 

9 A.M. 25 ,, to 3 T’.M. 27 

8 

22 

25 

i i 


17 

83 

3 i’.m. 27 to4 i'.M. 1 Mar. 

10 

7 

10 

10 

1 

11 

07 

4 p.m. 1 i\lar: toll a. M. 3 ,, 


1 

7 

7 

1 

2 

18 

11 A.M. 3 ,, to 4 I'.Al. 7 ,, 


3 

9 




1.1 








21)8 


Female C emerged on March llth, was provided with a male 
of the same date, was found coupling on M'arch 12th at 9 a.m., 
and remained in copulation till 10-35 a,m. Eggs wei’e found laid 
the next morning. 274 eggs were laid in all and all were fertile 
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juid Imtched, On Mai'cli 24t.h tlie female was found dead, stiii'k 

e earth m the pot. The oviposition record j,s as follow, s : 

Female C. 


PfSRIOD. 1 

Oil stem 

In 

.From 

' i On 

1 .stem, 
lo I 

.1 : ' 

at axila of 
leaves or 
by side of 
.stipules 
and bud.s. 

groove 

of 

raehi. 
of leaf. 

10-35 A.M. 

12 Mar. 

0 a.m. 15 ,, 

8 a.m. 18 „ 

3 F.JI. 21 „ 

' 1 

0 a.m. 15 Mar. 1 . | 

8 a.m. 18 „ 1 ! 

3 P.M. 21 1 'i 1 

' i O ! 

.i 1 

! 

41) 

(17 


>J j .5 

i 1 

” 1 

i 

11 


At 

iixik 

of 

loaf- 

lete. 


Oil 

IfiiilotSi 

ujipor 

surfiiee. 


On 

ICililcts. j 
under ' 
Hiirl'.-ieo. : 


fouiciifo ij emerged on the inoriimg of Marel! 30tli M.i,i u,. , 
provided with a male which had emerged the dav hefo’re ' '|' he male 

inis date. Ihe second male too c,scai)ed on t,l„. mil i 


-S at : -ji' t the ;::::fo:: 

“■ — .vietfc'l-,; t , :;r 


Feaiale D. 


I’uiOOl). 


On stem 

I 




iFroin 

To 

On 

stem. 



at axils 
of leaf - 
.stallcs 01' 
by .side of 
lateral 
buds or 
■stipule.s, 

1. 

In 

! gisiove 

1 of 

1 raehi.s 
j of loaf. 

1 

I At 

j axils 

! „:i 
!'*• 

On 

k'allel.s, 

upper 

‘Snrfaec. 

( >11 

leaflets, 

under 

surfaee. 

30 Mar. 

1 ()a..m. 7 April. 
Ill A.M. 14 ,, 

10 A.. M. Ill „ 

!i A.M. 

H> a.m. 7 April. 
Hi A.M. 14 „ 
IOa.m. 1() „ 

Da..m, 21 „ 

(i 

47 

1 

3(1 

!)l 

1(1 

119 

,12.S i 
21 j 
54 

21 

~4 

! 

3 

2!l 

37 


provided with a iiXoffo ““X' 
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male was kept in tlie cage with the female as long as tla^ latter was 
alive. On tlie 21st April she was not so active and seiaiu'd to he 
getting old ; she had laid 828 eggs and might possibly hav(‘ la id soim' 
more, but she was injured slightly and could not retain her posi- 
tion on the plant. She died on this date. All the eggs were fertile 
and hatched. The oviposition record is as follows 


Female E. 


PlSliiOU. 


Oil stem 
at axils 
or leaf- 
stalks or 
by side of 
stiiniles 
or buds. 

111 

grorne 

of 

raebis 
of leaf. 

At 

axils 

of 

leaf- 

lets. 

Oil 

Oil 


r’l'oin. 


Oil 

,st,ei)i. 

leaflets, 

iii»|K!r 

surface. 

ieatlets, 
nil del.' 
surl'ace. 

'ro'i’if,. 

:n Mar. 

10 \.M. 7 A])ril. 

. 1 

j or. 

40 

14 


:i:i 

!:J2 

10 A M. 7 Ay)ril. 

lit A.M. 14 „ 

: l.“> 

j 122 

101 

r.o 


124 

1 1 a 

10 a.m. 14 ,, 

10 a.m. 10 ,, 

0 

1 22 

i:i 

1 


10 

01 

10 A.M. 10 ,, 

i 

0 A.M. 21 ,. 

, 0 

1 

.‘.0 



102 

100 

S28 


Female W emerged on Kebinai‘y 17th and was given a male 
of the same date. On the next day tlie male was not to be found. 
On, the 22n.d h\dn:uary a fi‘esli male was supplied. On the Lst Marcli 
copulation was noticed at 3-30 r.M. and no eggs had been laid till 
this date. On the Uth March tlie mah^ was isolated and it livcal 
until April 1st. I'he female died on Mart^h 27 tin The eggs laid 
between ■ 25tli and 27th March did not liatch and wei’e apparently 
unfertile. The oviposition record is as follows : - - 
Female W. 


Pmkiod, 


Oil stem 
at axils 
of leaf - 
.stalks or 
by the. 
side of 
stipule.s 
and lateral 
buds. 


At 

axils 

of 

leaf- 

lets. 




.Prom. 


Oil 

stem. 

hi 

m'oove 

of 

raehis 
of leaf. 

Oil 

leu lie ts, 
upiier 
iSUl’litCt*. 

On 

leallet.s, 

luuler 

.surfaee. 

Tot, .11 

1 Mar. wlieii 









couiiletl 

:{ r.M. 11 Mar. 

17 

44 

27 

■15 

2 

10 

Ml 

:ii*.M. 11 Mar. 

8 a.m. 15 „ 


04 I 

! IS 

22 


10 

87 

.Sa.m. 1.") „ 

8 A.M. IS 


20 1 

iO 

0 


1 

40 

28 

8 A.M. 18 ,, 

Oa.m. 25 ,, 

:i 

12 ' 1 

10 

:} 



OA..M.2.7 „ 


0 

1 

1 


1 



0 

Oil 
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lii. the fields il; lias often been noticed tlint:. oin^ jdani. inn)' lie 
[iterally cohered, wdtii eggs while the plants surrounding il, niny 
liavc hardly any eggs on them. It is curious tiuit 1 lie Iciiude. or 
females will j-emain depositing hundreds of eggs on the same |)lant 
Avhile only a short jum]i is necessary to reach other plants. The 
following record shows the number of eggs found on two su(?h 
plants:-- " 



■ Oil slcni iiiclmliii'i 

in i.^riiove 

At axils 
loaflots. 

On ii|»|KT 

On iinver 


No. 

tiuisc at ii-xils of 
loiif-stallvs. 

1 of nit'.hihi 

1 of leaf. 

surfaces of 
leaflets. 

.surfaces of 
l('a,l!e(s. 

'i’OTAL. 

1 

sr! 

J :!7 

58 

102 

100 

070 

2 

TO 

UiS 

■to 

102 

201 

50(1 


In tlie liisectary, too, tlie saiiie habit has been observed, i n one 
case a female had access, between the 27th February and llie 1st 
Mai'ch, to two plants growing in tJie same [lot ; she laid iSl <ggs on 
one plant while there was not a, single (gg deposited on the other. 
In tAVO other similar cases the female's (‘onfined with the. filanls 
for 24- hours deposited all the eggs on one plant, and neglected tlie 
second plant altogether. This ('.inpljasises tfie sluggisli nature of 
the adult insect which probably rhx'S not h*a,\'e a pla.nf, unli'ss (ami- 
pelled to do so. The ]n'riocl from tht' la,ying of tlie c'gg to hatidi- 
ing varies, according to season, from five to twenty days, tlu' latter 
extended jieriod being during January and Febnuiry. Trom IVlarcli 
to September the period varies from five to t,wc'lve days and it is 
during this period that the insect is most active. 

Hatclmui oj the cij(j. — The egg-shell bursts at the nari’owei' end 
and the larva which is ot a pale yellow colour w.riggles ijs wa\' out. 
When it emoiges from the egg its legs are dosi'l)' ap[)lt('d to the 
body audit is held upright in the air by the liimh'r part in'ing njili 
retained inside the ('gg-shell. After a while it moves ils limbs and 
bending forwanl cra/wls out of tlie egg-shell on lo tiu' loaf of llic 
plant. The egg-shell llu'ii closes up again and l•{•la,ins ils normal 
shape, the fissui'e tlumigh which the larva emei-g'd la'ing iiii- 
observable even under a low power lens, so tJmt. it, is ditlumlt. to 
distinguish between liatched and unhatclicd eggs. 
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The Ijirea or Nym/ph.—-T\m freshly emerged larva (Plate XV, 
fig. S) is at first of a uniform pale yellow colour, the eyes 
only being irul. The colour darkens gradually until in the course 
of a day it is of a general brownish black, the appendages l)cing 
darker than the body. The divisions of the body are nuii'ked Ipv 
light yellow coloured lines and there is a light coloured media]), 
line from the head to the abdomen. The nymph passes tJirough 
live moults before attaining the winged adult stage. 


Tile time taken for each individual stage in the de\'(doj)ni(ml.: 
of the nymph has only been observed at one period, dining j\lai‘eh 
and Apiil J !)12, and tlie results aj.‘e given, in the following talile 


,No. 

.Oivli) of liiif.dluiiji' 
of dgg. 

Date* of 
f.st llionll. 

Dald of 

2 ) 11 1 Dioiilt.. 

Date of 
:)i-(l moil If. 

I)a,tc of 
•111) iixmlf. 

('laid of 
fil.ti mniill . 

i 

KlMi Mr.-rcli 1012 

2l{i'il Mavidi 

25Mi Miuvli 

2Sl;li March 

2iid April 

Sill April 

2 

:mt „ 

■Itli April 

01 h April 

Sth April 

nail 

l4Ui 

:) 

lUsl 

HI) 

711) .. 

UMh 

1211) 

loUi 

-1 

dl.sl 

•fl.h 

Oil) 

SIh 

toil) .. 

! ir»i h ,, 


.•n.st 

]Mi 

Oil) 

.Sth .. 

lOtili „ 

I I4Ui 


The larva in the fii‘st stage is very small, the nieasurements of 
a larva tlirce days old being 


l.i'u.'j,) h 1‘i'niii liciul lo t .i)i 1 ) 1 ’ iilxloirit'H .. .. ‘I! tii.iii. 

Br(‘fi(l.t li . . . . . . . . . , 'Ifi ,, 

Li'ii.uth ui' iuilciiiiii .. .. .. .. '07 ,, 

V(uy cai'eful examination is necessary to oliseiwe it, on the 
plant. The young lai'v® usually crawl iij) tire plant until they I’eacli 
the young h'aves at the growing point, a.nd crawling i,n among the 
leaves ijisert theii' ])robosces and comme.tice to suck. 

After tlic first moult signs of the presence of wing [lads are 


observable (Plate XV, fig. 5) and the insect has increased in. size, 
the dimensions of a nymph i.i:i this stage being: — 


From liciwl 1 1 ) 1 i|t of iihitoiiicu 
ni'ciiilLli lUTDSs 1 lid oyos 
,, ,, l)>’0till)l'ilX 

,, ,, niiiiaid of iilidoiiidii 

iididit li of iui1dnii:i, 

Li'ii.dthor » iii.u piiil.s (iinti.'nur) 

,, ,, (postorior). . 



•Oil „ 
■as „ 
•on „ 


A more iiiark(>d differentiation of the parts of the body is seen, ajid 


the eoloiir scheme has changed somewhat, the h.(.‘ad aj.id thorax 
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Ix'ing ciC a, greyi«ji tinge, and the abdum.cn |»ale. y(‘llu\v. I’lin 
appendages Htill i-emai.n of a, dark browiilsh black, a.od llie eyc'S ivmL 
.1,11 the third stage (PJate XV, fig. G) littki ililTereiu'e is notita- 
al)le except increase in size and lengthening of the wijig pads. 


L('ii,4l li from head to tip of abdomOn . . . , •(>;{ m.m. 

Breadth aeross the oyen .. .. .. '25,, 

,, ,, prothorax .. .. .. ’SC) ,, 

,, middle of abdomen .. .. 

l.( 'll pi h of antenna .. .. .. .. ‘ICi ,, 

,, ,, wing pads (anterior).. .. . . i ,, 

,, ,, ,, ,, (posterior) . . . . •(IS ,, 


,1.11 ilie fourth, stage (Plate XV, Hg, 7) the wing parls aj’(' 
very distinctly enlarged and tiie colouration of the nymph is 
generally of a lighter yellow shade, the {tjipendages alone bt'iiig 
darker in colour. Tlie abdomen is long in proportion to the icst 
of the body. 


XV, fig. S) V('ry 


Lengtiifrom the head to t hi' tip uf abdomen 
Breadth aeross Idle eyes 

,, „ thorax . . 

,, ,, abdomen 

l.i'ngth of wing pads (anterior) . . 

,, „ ,, (posterior),. 

,, ,, antenna 

In the fifth and last nympluil stage (Pkite 
marked dill'erences are noticeable, the parts of 1,1 u> body ond 
appendages being much more clearly diflerentiftted. Tlu' general 
colour scheine has now become of a dark brownish black, t in' legs 
and wing pads and lobes being of a dusky yellow colour wil li darker 
shades round the edges. The distal portion, of the antenna, is black’ 
and the reniaining part yellow. The entire surface of th(> both' 
is speckled with grey or whitish markings. Tlu' ardcnme now 
show clearly eight distinct joints and the wing lolx's ha vi' la‘comc 
much longer, the posterior ones being filmost (mtirely covered 
by the anterior ones. 

JiCiigtli fi'um thr hciid (n flu' l ip of l.hi^ abdomen 
Bniadt h iutoss (die oyc^s 

„ ,, t he abdomou . . . . . 

,, botwenn (ho margins of ( he aiitiM’uii' wing lobi's 
Jjongth uf anterior wing lobi's . , , , 

li(.‘ugth of the auteiiua , . . . 


lai;v 5 u iuul n.yni.pli« in ail Htagcs (.‘xudn globules of; lluid 
wliieli ]iav(‘ a giv.yisli wliitc a,pj)eai*aJi,ce. Tlie, glo])ul(‘s ai‘e ex- 
1-rutlc(l from, the anus and consist of li(piid excneta <^overt‘d over witli 
a waxy secretion/'' li a globule is placed on a glass slide a.nd 
],)ricked with a needle the globule bursts discharging its lliiid con- 
tents, the waxy covering remaining on the slide. 

The nymph moulting for the last time gives rise to the winged 
adult (Plate XV, fig. 9). The skin of the nymph biii-sts 
along the ];)ack in the middle line. The insect gradually liberates 
itself from, the skin and moves a little forward along the leaf and 
remains cpiietly sitting. The colour is a. general pa.k^ yellow, ex- 
cept the eyes whicb are red brown. The wings, whicli are of 
course still unexpaiided, are about the size of the wing pa.<}s in 
the last :u.ymphal stage. In the insect observed, tlu' wings after 
a lapse of 45 minutes becanu'. fully ex]:>a;nded but no cliange of 
colour was noticeable, tliis .not. ta.king place until iiea.riy two hours 
after e;merge,nce . 

The young nymphs after Initching fi-oni the egg crawl aliont 
on the plant and almost invariably come to the top of tlie stem 
where they car.i obtain, a good siip]:)ly of sa}.). d’liey creej) into oi‘ 
between the unfolded tender leaflets and sit luding tluu’e and 
sucking the sap. If no secure place is to be found among the tender 
leaflets the nymphs crowd under the sti})ules. If lateral shoots 
with tender leaves or newly devrdoping lateral buds a:re found, many 
lodge themselves there. The previously mentioned licjuid excre- 
ment appears in all sorts of shapes, such as pearly globides or long 
tubnles and often cjuite fantastic forms. The excrement falls 
on to the leaves a.ud branches, and in moist weathe.i‘ a black mould 
grows on it giving the plants a blackened, bur.n.t-up a|)pea]’a.nco. 
As long as there is food available the nymphs do not desert the 
plant on which they liatch. It lias been observed in several 

* In Psylla iitali, an inject whiah U very trimblcsonn! on apple I roo-s in Kiiglainl, two glandw 
liavo been fouml one on either wide of tin' anuH ami it is possible tliat th<; wa.K}' seeretion is pro- 
duced by tliose glands and (jovers the exra’emcnfc m it is ext.fud(.‘d. This ins(.s-t (jroduces 
the .same kind of greyish white globulos.—A, J. U. 


MO 
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casps that out of two plants gi'owing in tlic saiiie pot, oiu* on whic'h 
no eggs were laid remained free and grew lieaithily wliil(‘ the otluo' 
harboured and fed numerous nymphs. The nyniphs usually 
hidden under the curled leaves inside the crumpled head. Wdieu, 
however, they are full groAvii and about to become winged tiiey leave 
their hiding places and come to the stem or open leaATs so tliat 
the emergence of the adults may not be impeded, hor this reason 
]iymphs in the advanced stages frecpiently sit exposed on the stem, 
at axils of leaf-stalks or on leaves. 

T ke formation of Golomes.~--QolomoH of nymplis, <.'onsistiiig some- 
times of. several hundred individuals, are occasional !y formed on tlic 
stem below the crumpled head. Nymphs in all stages of growtii 
are found congregated togctlier and ai’e eiiti.i‘ely ex{)osiHl. {.exactly 
like an aphis colony. Such colonies were not noticecl eaiiiei’ than 
September. It was then observed that when a large nunil)er of 
nymphs hatched on a head in the leaves of which duna' was not. 
room for all, or on a head, which had practically wilhercMl. die 
nymphs settled on the stem in colonies. Sometimes colonies wmn 
formed a great distance below the head of tlie plant. 'This gregii- 
rioiis habit renders the nymphs liable to a special dangei', viz., the 
predaceous Syrphus fly, Pelccocera sp. di^scribed latei*. Iji tlie 
several plots of indigo kept under obse..i.'vation die S}-i'plius II y 
appeared only after the nymplis had begun to form such colonies 
in exposed places. 

The adult . — The adult has recently been desci'ibed by D. T*. 
CJrawford (Indian Museum Reco,rds, Vol. VIII, p. 431). Jlis des- 
cription is as follows : — 



Psiflhjja f%vnctiq)en'ms, n. sp. 

Length of body 1 •? nrm. ; length of hire-vviiig ni.ni. ; givat- 
cst width TO m.ui. ; width of vertex between -33. m.m. ; widi 



eyes -53 m.m. General colour light biowii; dorsulum and scutum 
with several dark brown longitudinal stripi's, antimme black al dps 
of segiiicnts III to X; fore-wings with numerous brown or b!a(‘k 
dots and spots both on veins and nieinbrane. 
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Head a little narrower than thorax, not miieh deflexed ; 
V( 3 rtex longer than half its width, with a slight foveal iinpiH'ssioii dis- 
cally ; facial cones about two-thirds as long as vertex rather sj.rong- 
]y divergent, narrowly rounded at tip; eyes larger; antennjc h'ss 
than twice as long as width of head, slender. 

Thorax not strongly arched ; pronotiim rather long; pleiirites 
broad. Legs typical. Fore-wings hyaline, rounded at apex, re- 
latively rather small, about two and a third times as long as broad ; 
cubital petiole a little shorter than discoida.1 subeosta. 

Male . — Genital segment rather huge ; ana,l valve l)roa.d at base, 
truncate at apex ; claspers rather blunt a.t tip. 

Female . — Genital segment thick, about lialf ;is long as rest of 
abdomen, valves subefjiial, rather tliickly pubescent. 

Described from fonr males and four fema les from Ihisa , Fa'iigal, 
on indigo. This is probably the adult of Ihick Ion's Fmjila iniils 
which, he described, from the iiympli only. In onhu- to avoid con- 
fusion, however, in case they should not bo identicaf, 1 havt^ given 
it another name. The fore-wing of this species bears a close I'o 
semblance to Afhalam mMUpinctata, Iviiwayaina ( Japa,nes(.b . ’ ’ 

The males are easily distinguisliable from the females l)y tlie 
marked upturning of the tip of the alxlomen (li^hite X¥, fig. 10) 
enclosing the accessory sexual organs, tlie tij) of the alalonuMi of 
the female bei.ng poijited. Coupling has been observcid j;o trdvc!: 
place in two ways, either end to end, the axes of the ijodies of the 
two insects being in the same straight line, their heads l)eiiig t.unuMl 
in opposite directions or, with the axes of their bodies foi-ming 
the acute angle, the heads of the insects facing in the same (bb-c'ctioii, 
the latter being the usual mode. The exact length of the period 
occupied in copulation was not determined, but coupKss weiv cib- 
served together for up to one hour and 50 minutes. After co(>u!a“ 
tion the femafe, as described previously, begins to lay I'ggs fairly 
soon. 

In the Insectary with a good supply of food the adiills, boi.h 
male and, female, lived for up to 39 days. Their usua.! oaxh^ of 


T7IF, PSYLLA DiSFASF 0|i' INDIOO 


loeoinotioii is a Hori- of Hitting from plant to pla.nt. Wiicii otio tliK- 
tiirbs tlu'in wliilo tb(*y nit on a sto.in, l<‘a.f"Sta,lk or li'alb'l.. Ilo'y f.rv 
to ovado ])ni*Hiiit by moving on to the op])osite, sitl(‘. If I lie ai1etn}M 
i« eontinned they may walk a little bnt nsnally Hit away. Ail bough 
aetiA^e when ])rovoked they seem to be naturally sluggish. This has 
been referred to while discussing oviposition. As a rub' they <lo not 
JeaA^e the plant on which they become winged and a, number of 
adults Avill sometimes be found sitting and mating on plants which 
still harbour a large number of nymphs. Tlu' aduljs art* stana'c ■ 
ly ever found sitting exposed to the hot sum Also wlam il mins 
they sit on the under surfaces of h'aflets oi* (Ui h'af-stalks and sliuu 
under cover* of leaves. 

The adults ai*<' not attracled by light. On a. darlc night on 
the 16th August an acetyhau* gas light-tra]> was s('t up in an 
affected plot of indigo in whic’h it wa.s a,scertained by exaiuinatiou tin* 
piwious evening and also the next morning that tlun-i* w<‘r(' niimm*- 
OILS adults both male and fenui](‘. To the tra.]) wer(‘ attract (sl 
several hmuh’eds of hugs, bectk's and moths but only fiv<‘ Psvdla '' 
adults, one female and foui* mak's. 

Tue effe('1' on the plant. 

The damage to the indigo ])lauts is very marlo'd ( Ida te XV’L 
Hgs. .1 & 2), The leaves ai'ouiid tlu' growing point tin* attacked 
plants hecome curled and twisted up into a knot nt the top 
of the stem, the twisting and curling boH-omiiig more and more 
pronounced as the attack pi’oceeds until finally in tin* <'as«> of 
dava indigo, the head of the ])la.nt forms a hai’d knot of blaekenod 
cur’led leaves involving the death of tli<‘ gi-owiug point. The 
effect on the Surnatraua plants too is mueh (lie same, (he 
same kind of curling being prod need, but on account of tlie long 
internodes there is not the same compact knot. The plant usuaiK 
then tries to compensate h)r this by throwing out ficsli bram-hes 
from the axillary buds and giving the plant a, bushy app(‘ar;m<-(‘. 
These fresh Inanches in their turn may beconu* att acke* 1 b\^ the inseei 
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and soon. i)r<‘sent the a.[)])ea,nuu:o of the original plant and if the 
aftaek he eontiniie<l, espeeiafly if tlie plant is yoniiig, tin' |)lant 
will he kilU'd outright. 

The (lihVrent speeders of ZVy/id/n? affect their host plants in 
diffei'ent wavs. iSonie merely weaken the plant by sucking its 
jiru'es hilt do not cause any malformation. Others, in addition to, 
or as a result of, snckdng tlieir food from, the plant, cause gall-lilce 
growtJis to dev('lop, in, wliiidi they pass their life-history. Psylla” 
seems to h(' intermediate between tliese two forms, for altlioiigh no 
gall is fornua! tlu' leaviss l)ecome distorted in shape and growtli. It 
is n.ot known ('xaelly how this alteration, in the form of Ihe plant 
is Inouglit about, but it. is pjobable tliat the insect in tin' ju'oci'ss 
of sneking inji'cts sorm‘ kind of secretion from the salivary <u‘ otlnu' 
glands whi(‘h ca,ns(‘s the cells of tlie phuit at tlie point of punc- 
ture to grow uno<]ually, tlins pro(lii<ving tin* mafformation. An 
(‘.xaniination of young leaves just beginning to eirrl shows tliat tln^ 
folded-np leaf Ix'gins to (‘iirl before tlie halves open out, and tfi.at 
young nyniphs ai'e generally to be found in liet ween the folded 
lialves. This may possibly be expla.in.ed liy the fact tliat tlie 
nymphs secure between the folded halves suck for some time from 
one-half only, this causing a retarding or acceleration of the growtli 
of that half, while the other half is growing naturally resultiug in 
the curling of the leaf in one direction or the other. In tlu^ ca-si' 
<rf indigo '‘Psylla’' it is only the nymphs whicli cause tlie leav<*s tn 
curl ; the adults producing no malformation of the plant as the. 
following experiment shows : — 1 

hoiii* fi’eshly emerged adults were placed upon a liealth}'^ plant 
of Java, indigo on 22nd February 1912, and remained on the plant, 
until 20th of March when the plant becoming attacked by red sjiiders 
{TekmiychiH), the insects were removed to a fresh one, on which 
they lived until between the 26th and the 29th March when 
they died. On neither plants was there any eurling uotitic- 
able. The effect of the nymphs is very different. On. tli(‘ 
17th February 1912, two plants in a pot were in,f(‘sted with 
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tlii-eft iiymplis each and on lOlli and --’OMi, re.stieetively, one, 
nymph from each became adult. Vel on l,he o:tid Ihe lea,\cs 
of the plaiita were distinctly curled. It has already lie<‘ii iiicm- 
tioned that the. young uymplis after halehiii}' IVoin Ihe eggs 
invariably come to the tender unopened leaves a,n,d suck l'l■o^l 
them. It was observed in a long series of plants on which adults 
were made to lay eggs in the Inseetaiy that Ihe newly hatehe.l 
youug nymphs were able to cause disti net enrling of I lie lop leaves 
within two days and to produce tlie typical eniiiipled head wilhm 
a week. It was also found that a, single nymph w.is .siillieient to 
cause enmi]'ling of the, leaves. 

If the attack on the plant ceases after a lime, a.iid lias iiol 
been severe enough to kill the growing point, the plant will grow 
through the twisted head and produce norma.l leaves again. T'lm 
malformed leaves do not reeover, however, though they may grow 
andopeu out to some extent. This tsshown iu llg. i. I'lateXVlI. 
the history of the plant being as follows. Hggs were had on the 
plant on 22nd and 23rd K.-hruary lt)12, an.l liatehed on ,-.fli March. 
CniinpUng of the leaves was iioticeahle by the I 1th and the nymphs 
became adult by the 25th. The adults were not allowed to la\’ 
eerffs oil the plant and it was ke.iit iiiiih'r ordiiia ry cond il ions u it b I lie 

result sbowii in the pliotogm[)h, where it isse.ni that the leaves, irmmd 

the gi'owing point are (|uite normal, whilst, tln.ise lower- down about, 
the position where the growing |)oint was at the lime of attack, 

are crumpled and twisted. Tlieelfecf, has also been idiserved in t he 
field where the crop has recovered under favoiua.ble eii-euni.stanees 
from a previous attack. Plates XVI 1 1 & X 1 X are a series ol phot,, 
oraplis of the same plant to show the progi-ess of the disease .\, leinale 
wls eoiifiiiedonthe plant on Kith April and eggs were laid on it np 
to 21st. Hatching coinnienced on the 23rd and ciiriing was 
evident by the. 27th. Adults ap)ieiiTed on the 71 li May and were 
allowed to lay eggs on the plant. Adults a,gaiii aiipeareil on Kitli 
Jlay and by June 6th all the nyiTi])hs had beeome a, dull .-nid left 
the” plant. At this time, the growing point of the plant. w-a,s pra.cl i- 
oally dead, and several side shoots had been given olT and had liceii. 
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ing from the attack. TI' 
on the stem in the pos: 
it was when the attack 







ti, XiX, llHMinalapjMsamiicnof kho. plaiii 

4jn, ^ Hii(‘ "JPi li. 

i^k,VN'l^S. 

As iin* know lu cortt, f<‘«'.(l,s on hoili 

||h> vorirh'os of iiuli^o at. proKont. onltivati'd in Pjolnir, viz.^ 
Siunatrana. (//a/Zr/oAm sKuntfruHa) aiui Java {lud'njojcra arreda). 

Mr. nt-l'irt lif'il, i)irootoi* of (!io hulifjjo Ivo.sc'aroli 8ta.tic)ii (now 
rlosf't!) at Sirsialo was kind toHUppiy .so-ods of tin*, following 

sporioK uf ijidign wit It iht' n'liiarks uotvd :igjt.inst, (mwIi spocios : • 

/. ya/ar/'/A/A/, from Kort'sl Ojl’n'o, Utdira Dim, possihly a, 
vjirif't'V of StnihifnattL 

/. f/a/V, from < Icorgi't own, Drilinh kfuiana. 

/. olifjaspi rm^t. 

L fltirhu'if!, sonl tiiid so cailod Ity Ik 8. A. Diiroau of Plant. 
Inilnstrv : t'orPunly not rigidly nainod sinta* it. yields no indigo, 
lie also supfditai sftals of /Vj/ygnnwm thidor'nmt, a. CJdnese, 
intligo plant {.'^oods from plant gi'own at, Hinsiah) :nul said that, all 
!‘x«a‘pl /. ihidiif'(t{ won* indigo~y iotding. ddn*. seeils wen*, sown in 
lie* lii.sei’tjiry fomponud, hut l*<fh/tji)innn tlndoriKfH did not. gnjiw. 

pHvlla ' was found to feed and breed on /. faifri folia, /. anil 
and /h afnjihsfnrma ami enr! iheii- leaves in llie same way as 8nnni,- 
t ratia and da,va.“N “llsyila" would not. teed on t he. so-e, ailed 

L tinrtoria. 

Tims it is detinitoly known tluit (In* inse(‘t h^edsand breeds on 
/. a/'rrda, " Mast Afriean"' (tr “ Natar’ or ‘Ma.va,''’ indigo, li 
is an iidrodari’d plant now rultivaftMl in Debar. 

/. snmaff'anfK Ih-ngal indigo. This is also <*tdiiva.ted in 
Ihdiar. Areording to Drain, it is oeeasionally .s}to’nla.ne,onH in 
'ratnarisk jiingh's and mi river baidvs. Under this Drain ineludes 
[. /Z/n/ra/o. !m‘tttiom*d by Doxlmrgh {Flora indim) who tleseaibes 
it as “ na j i\ o plaet* tne'crhi in, for though now eommon in a, wild 
s!alt‘ n\f'r ntost parts of India y(*t. is in. gtuntral not. .remote from 
plnei's wberi- it i.s or h.as luum eultivaie.d/* and also part of L timh 
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THE ‘‘ PSYLLA ” .DISEASE OF I-N’OrCJU 

/om mentioned by Hooker (Mora of 'British hullo) as “ I'lir. uni- 
mvsally ciiltivktcd indigo/’ but be shdes fu.Hlier 1hal.it is dsiublfnl 
whether it is truly wild. This too is proliably a.i) origiiialiy inf, re- 
duced plant. 

1. 'paiicifoUa. Mr. Bergtheil says this is possibly a, v'arietv of 
Smnatrmia, but Hooker puts it dow,n as a disii.nGt sjM'ciea giviiig its 
habitat as “ Plains from Scinde and the Opper Ganges to Ceylon,.’" 

1. anil, West Indian indigo. It is sai(l to be sometimes grown, 

1. olujosperwa is not known to grow in Behar. 

Prain mentions six species of Jndigojora (xanirring as wiu'ds 
in Behar. (I. Westons /. (ini jot la: L cord I- 

folia; 1. glandidosa, Western Behar; ./. cndccajdiyKa, Viodcvw 
Behar; I. timtona). Of these tlie speOes eonimonly found is 
1. linifolia, a small (3reeping weed which grows in ]a,wns, paslures 
and waste lands. No '‘Psylla” was found on it and all a, 1 tempts 
to rear nymphs and. adults on it failed. The inse'.cls (hereffiiv* 
probably cannot breed on it. In the Insectary ('ggs werc^ laid 
on this plant by females confined with it, l)ui the nymjjhs 
which hatched from these eggs did not feed, and desmled it. 
None of the remaining five species was tried as the)' were not, 
available. It is, therefore, not known whether PsN’Iia, ”* w ill 
feed on them. According to P.ra, in, another species, oeeiirring 
wild in Behar, is /. articidaia, Surat indigo, wlii(‘ji (,oo is an in- 
troduced plant and used, to be cultivated, formerly uniij displaiM'd 
by Sumatrana. It is not known wdiether ^'Psylla, feeds cm this 
species. He also says that sometimes GuadimaJa. indigo. /. 
giiatimalensis, is cidtivated. It .is not known whether'* Psylla. ” feeds 
on this species either. Stray plants of both the specie,-; of indiL-o 
cultivated at present, mz., Java and, Sumat,ra,na, are. foimd all (naa* 
Behar. It is certain that such volunteer pla.iits oceui- ihos(* 
species of indigo which had once been cultiva,t(al but hav.' now 
been displaced or which are cultivated, only o<;casioi!,allv. 

The p,lants on which ”Psylla” feeds ordiiurrily in Behar, that, 
is the varieties of indigo which are cultivated, are in.trt.>(luce.d piaiibs, 
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umilv iu MH.l ui«ni.wlu.ai^^^ ■ 

wii.i io..a-iaiui(.H w-ai noi. ,ma.a.iv i. .. 

|,ho liaias from yoa,r’s oiul to yoar’s oua. ih*. ra.scct,, 
want ,.E food, IlM-o.iglmut the y«av. 

1» 'a-"-; 

|,lanlsotl.o,rtlum lndHjojcm><. I.nt ^vl.i ■■ 

Lai.-a,n. 'ri.o follorviag two spcmea wcrr trid Lot 
wore onauroossful : - ^ ^ 

-»'■■■ 

jtthon reso. . ^ „„ ^ther plants and waited 

01 whette the ,vhe.n it would be, again 

thiough the winter b y ^ ^ fo„a-pknt,s present, the former 
ge.own m March. M there a 

would be tlie course ‘ 1 ^ aidinitely 

the -WtB to wait i„v„,it breeaiog. A 

observed, the cold ^ win _ ^ 

r’"f wrplaiks'oAer ihin hidigoferas. The planis wen- growii in 
ilts and adults, both males and females together were couhue, 
lith themas much under natural conditions as possible. 
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-Psylla” adults died after two to four days, while under the same 
condition they live for more than, forty days on indigo. Also no eggs 
were observed to be laid. The plants tried were the following 

Wheat; Barley; Maize; Pea; Linseed; Cotton; (Jastor; Tobacco; 
Sweet potato; Brinjal; (UWi^ \Phjsalis minirna; Hdio-^ 
i tfofium indicum ; Cauliflower ; Radish ; Aniseed , Jute , 

a, Weed [Cmclorus sp.) ; All {Calotropis gigantea); 

' . . Turmeric ; Artichoke ; Guma {Leuciis sp.) ; JusPicia sp., 

Elephant’s Foot ; Prahlad {Obimum canum) ; CMmtwan 
' - {Ahtonia eollmis) ; Mango; Papaya; Arum; 

ninni; Lily; Dodoma viscosa; Conmichjna kouja.lmdm; 
Mutlm {Cypems rotimdus); Kodo {Paspalum m'ohi- 
culatnm); Smna {PaniGimi Manta, 

■■ {Eleusine Coracana)\ Jua,r {AndropogniiSon^^^^^^^^ Dab 

{Cynodon dactylon); Mmig {Pliamdm MungoY lirid 
{Phaseolus raciiatus); Arliaf [Cajan/as ind/hus); Chahnir 
[Cassia ocoidentalis, G. sopdieta, A C, tofa) , AfiutP 
tas [Cassia Fistula); Sissoo [Dalhtm/m Sissoo); 
Lajwamti [Mimosa pudica); Kouni [Betmia italim); 
Kanglani [Ahitilon indimm); Biuiul [Ihmbax mala- 
haricum ) ; Chota Dudhi [Euphorbia thyndfolm); 
Dudhi [Euphorbia piluUfera ) ; Churuih [Cephalmh 
dra indica); Gidar [Ficus glomerala ) ; Pakur [Ficus 
infectoria); Pipal [Ficus religiosa); Ra/l [Drassim 
juncea) ; Barson [Brassica campestris) ; Baxiar [Sida 
sp.); Butlini [Dioscorea fasciculata). 

This list includes, amongst other plants, almost all the weeds 
which commonly grow in or near indigo fields. 

Effect of Manuring on Affected 

In order to determine if plants well-treated with imnnire, 
could resist the curhng of the top caused by tlu' f<‘e<liiig of 
“ Psylla ” nymphs, a few series of experiments were carihMl <mt 
with superphosphate and oiLcake. The plants were grown in poi s. 
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There’ was no dilierence in the effect of the attack by the insect 
on 1 nan, n red and unniannred plants. Both were curled to the same 
extent and in the same way. As soon as curling of the top occurs 
and checks the growth of a manured or any vigorously growing 
plant, it begins to give out lateral branches and become bushy. 
Thus if there had been only one attack of “ Psylla ”, that is, if the 
insect had fed on the plants for only one generation and then left 
them, probably the attack would have been a blessing in disguise ; 
as it would have made the plants grow bushy and produce more 
leaves. But actually all fresh shoots are attacked as soon as they 
appear and the growth of the branches as well is stopped. 

How Infection Ihvicios Place. 

Infection of new areas is prol)al>ly effected by fiMiiah'S Hying 
over to them and in these cases t-ln* inscs'ts are probably InHpcHi 
by the wind. In this way infection is sprcaid from oiu' place to 
another as the following instance illus(.rat(‘s, A plot of Java. in,digo 
was sown on the Farm at Piisa in Oc.'tober 1911, the neaiH'st iuiligij 
cultivation being at least two miles away, and no indigo had been 
grown on the Farm for years. Oii 28th February 1912, a number 
of plants showed signs of attack and nym})lis were found, on them, 
In some cases, however, the insect does not seem to spread very 
rapidly, for a small plot of Java indigo sown in tlie Inse(.;tary 
compound on 29th November 1911, remained free from attack 
until the end of June, although the formerly meiitioned plot was 
attacked in February, though in this case the j) hints were 
grown in among Kusum (CartJimmis linctorms) plants, tlu'se littt(3r 
plants being removed on the 21st April 1912. The faciliti(‘s for 
infection were very great, however, for breeding experiiiKods were 
being carried out in the Insectary from February onwards aiid in- 
fected plants in pots were often standing in the verandah at a, dis- 
tance of not more than ten yards from the plot, and it would liav^i 
been a very simple matter for winged insects to fly from th(?se 
plants into the plot. 
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It iias also been observed that infection is either prevented 
or retarded when the adults meet with some sort of obstruction. 
Thus Java-Natal indigo W'as grown hr a big wire-gauze cage attached 
to the luseetarv. The wire-gauze had about 10-12 meshes to the 
linear inch which would allow easy passage to “ Psylla ” adults. The 
indigo was growing from November 1911 to January 1913. but no 
iiwects appeared in this cage although it was breeding profusely at a 
distance of about 5 yards. It was observed on other occasions that 
lylien nnbgo was sown together with other crops such as wheat 
Imseed. mustard, the young plants showed little or no sign of attack 
when the coA'emig crop was removed, whilst other indigo grown 
rn the ordinary ivay and in its immediate vicinity w'as badly affected. 

The spread of infection in a plot of indigo seems almost always 

to be etiected by the adults, though it is possible that tlie nymphs 
may leave one plant and crawl over the ground to a fresh one' 
To test the capacities of the nymphs for w'alking over the ground 
the folloAVing tests were made. Twenty-five nymphs of different 
stages were placed at 10 ,a.m. on earth which had been smoothed 
m a pot in w'hich a plant of indigo was gi-owing. Five more shoots 
of mdigo were then stuck into the earth at intervals of about two 

ii'nn!"'r '“mediately crarvled away in different diree- 

101 ,s the rate of about an inch a minute. The first one eraivled 
on to a shoot within a minute and-a-half, and at the end of ten 
minutes seven nymphs were on the shoote. At 4 p.m. it was 
found that sixteen nymphs had crawled on to the plants, three 
me found dead on the rim of the pot, and the remainder had 
disappeared probably having crawled right away from the pot. 

A laif number of nymphs were placed on the ground in a 

frah T. ‘‘ft—ds smotthe all 

aW *0 b-iible to walk over a distance 

01 ciDout rjve to six feet or morp TLovr . 7 -:i ' n i 

Pi'ogi-ess because rhey wandered about, got Ion ml lal or "kt 
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tliey died witliiii a day for want of nourishment. It lias also been 
found by placing the nymphs in ploughed up lands with a loose 
surface that they travelled extremely slowly, and in fact could 
hardly make any progress at all. The nymphs and adults also 
do not seem to be able to withstand the absence of food for long. 
Seven crumpled heads with many nymphs in all stages, and five 
adults were placed in a glass dish with a wire gauze cover at 7 A.M. 
At 7 A.M. the next morning the shoots were found to have withered 
a great deal and that two of the adults were dead and also that 
many of the nymphs had left the shoots and were walking about 
in the dish. By 4-46 p.m. the shoots had. withered considerably 
and only one adult was living, the nymphs had all left the shoots 
and many of them were dead. At 10 a.m. on the third day it 
was found that all the nymphs and adults were dead. This fact 
is of interest in connection with the severe attack fj'om which the 
Ichoontie cro|) usually suffei’s, for it would seem that the cutting 
of the crop at that time should elfectiially check the insect and 
when the plants are cut, little beyond the hand, stems of the plants 
would remain, in the field and the nymphs at any rate would be 
killed off. 

At the time of harvesting, the operation of cutting tlie pla.ntSj 
placing them on the ground in bundles and then loading these 
bundles on to carts, is not at all sufficient to jerk the nymphs 
from the plants. Some do fall off on account of the disturbance 
caused, but their number is very small as has been determined by 
actual observation. These fallen nymphs mostly crawl on to the cut 
stumps and live there until new buds grow. The insects develop un- 
disturbed on the occasional plants left standing here and there and, the 
adults soon infect the JcJioontie plants around. Soin.eti.mes a cut plant 
is left lying on the ground and as it withers the nymphs crawl on 
the stumps which afford them nourishment for about three days 
or so by which time new buds sprout. Apart from tliese nymplis 
the number of which is small, the adults are the prin,cipal sour'ce 
of infection of the hhoontk crop. In a newly harvested field .adults 
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are found plentifully. They congregate mostly on the uncut plants 
left standing here and there. Eggs are laid on such plants and also 
on the stumps. The cracked epidermis of the latter affords con- 
venieiit places for oviposition and when the nymphs hatch after 
5 or 6 days they find the newly sprouting buds to feed upon. Also 
all the plants in one district are not cut simultaneously so that the 
winged adults can ffy from locality to locality and renew the attack. 

The ([uestion also arises whether the nymphs or adults are 
carried away to any extent with the plant when it is taken to the 
vats. On observation it was found that the adults are not dis- 
lodged if the plants are merely shaken, as by the wind, but that if 
the plants are struck with a stick the sudden jerk causes them to 
leave the plant. The nymphs, however, are more difficult to dis- 
lodge and neither shaking, striking the plant with a stick, nor even 
on the ground has any effect at first, though such disturbance 
causes the nymphs to leave their lurking places and wander about 
when the effect of a sharp jerk is sufficient to dislodge them. 

The infection of the Mioontie or young crop quickly takes place 
if it be by the side of old infected indigo. By the side of an experi- 
mental plot of Java-Natal indigo with plants about 3 to 4 feet high 
a plot was sown with Indigo f era ‘paucifoUa. Psylla ’’ was breed- 
ing unchecked in the Java-Natal plants. The adults bred on this 
old indigo showed a decided partiality towards the young paucifoUa 
plants, to which they were attracted in large numbers, the young 
plants affording a more plentiful supply of sap. 

The Effect of Dew. • 

In Behar the dews are very heavy from September onwards, 
and in the early morning the indigo plants in the field are com- 
pletely covered. The insects are, however, protected by the 
numerous hairs on their bodies and the moisture has no effect upon 
them although they may be completely covered. A series of 
nymphs were completely covered over with dew, but the only 
result was that they remained quiet until the dew evaporated and 
then moved away. 
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Bew however seems to hinder egg laying and thus probably 
contributes towards the lessening of the number of insects distinctly 
noticeable in Beptember and October. Covered with dew the 
adults were found to be quite lethargic and would hardly move 
even when touched. They became active again when the dew 
evaporated. Egg laying takes place mostly in the evening, at night 
and in early morning. But all this time the adults remain covered 
with dew and therefore egg laying is hardly possible. 

“ PSYLLA ” AND ilNTS. 

The following six kinds of ants have been observed to attend 
“ Psylla ” : — 

Canifonotus compressus, the common big black ant, has been 
observed to attend both nymphs and adults. The adult insect 
does not jump away even when approached and caressed by this ant. 
This fact is taken advantage of by the black spider which mimicks 
this ant and which can thus approach adults unsuspected. This 
spider (see enemies) catches and eats adults. 

Ta^inofna melanocephalum, a black headed small brown ant, 
which when pressed between lingers gives out an aromatic smell. 
It attends upon the nymphs. 

Monomofium ifidicum, the common small brown house ant, 
has been observed to attend the nymphs. There is a small spider 
which mimicks this ant. It could not be ascertained whether it 
preys upon the insect nor could it be fed with “Psylla” in con- 
finement. 

CEcophyla smaragdina, the common red tree ant, attends the 
nymphs. 

Camponotus sericeiis has been observed attending the nymphs 
in company with (Ecophyla smaragdina. 

Monomorium gracillimum, a common small brown ant with a 
dark abdomen has been observed attending the nymphs. 

The ants are attracted by the liquid excrement which they 
lick up by applying their mouth parts to the liquid drop as it 
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hi a coloDV of a hundred, and nineteen in a colony of fifty were killed 
by the parasite, while one maggot of the Syrplms fly {Pelecocem sp.) 
is alone capable of destroying several such colonies in a day. 

The Predators. -—These destroy nymphs and adults, either eating 
them or sucking them dry. Among them are included three 
Ladybird Beetles, a Mantid, a Chrysopa, a Syrphid fly, a Capsid bug, 
and several spiders. These are known definitely to prey upon the 
insect and possibly other insects and animals also do so. 

The Ladybird Beetles are the seven-spotted Goccinella sep- 
tmipumtaia (PI. XX, fig. 8), the six-spotted Chilomems sex- 
mmidata (PL XX, fig. 10) and the striped Ladybird Beetle 
Brimms S'UtMfalis (21. XX, fig, 11). These beetles as well as their 
larvse. feed principally upon the nymphs and also upon the adults 
when they can be caught. Figure 9 in Plate XX shows the larva 
of the six-spotted Ladybird Beetle. The larva of the seven-spotted 
Ladybird Beetle is similar in appearance but having yellow spots 
in addition. Figure 12 in Plate XX shows the larva of Brwwws 
suturalis. The white tufts on its back give it a characteristic 
appearance. 

The Mantid which has been observed to eat “Psylla ” nymphs 
and adults but mostly adults, is the green one, Hlerodiila west- 
woodi, commonly found among green vegetation. 

The Chrysopa, whose larva has been observed (PI. XX, figs. 6 & 7) 
to feed mostly upon the nymphs is the common green one, Chrysopa 
alcestis. The larva has the habit of piling upon its back the 
empty skins of the nymphs it destroys. 

The Syrphid fly (PL XX, figs. 1—3) is the most important of 
all the enemies as it is capable of destroying a large number of the 
nymphs in a short time. The maggot feeds upon the nymphs only, 
and during the latter part of its larval history will destroy about 
300 to 400 of them in a day. A maggot is shown resting on a leaf 
in fig. 1, PL XX. When it walks or feeds the anterior part 
of the body is extended and is then tapering in appearance. At 
the dorsal area of the hind end there is a pair of brown tubes 
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joined togetlier and giving the appearance of a tail. These are 
the spiraciilar openings. The maggot strikes its head apparently 
blindly in all directions and on the backs of the nymphs, bnt some 
nymphs are passed over. It does not pierce the prey from the back, 
but moves its head round to the ventral surface and then pierces 
the thorax. The contents of the body are then eaten and the empty 
skin discarded. The maggot is a voracious eater and feeds almost 
continuously with but short periods of rest for moulting. It takes 
about one to four minutes to finish eating a nymph, the time vary- 
ing according to the size of the prey. Dead parasitised nymphs 
are always passed over and never destroyed. Membracid nymphs 
sitting near or in the midst of ‘Tsylla’’ colonies were not observed 
to be eaten, but the maggot preys readily on other younger and 
smaller Syr'phis maggots which it may come across. When it is 
full grown it fixes itself by the tail end on either of the surfaces 
of a leaf or on the stem and pupates there. The anterior end of 
the pupating maggot is much contracted so that this end of the 
pupa is rounded (PL .XX, fig. 2). The fly (PI. XX, fig. 3) 
emerges after about seven days. Ordinarily when found in indigo 
fields it may be mistaken for a small Eimienes wasp. It does not 
exhibit the hovering flight characteristic of Syrphus cegyptms and 
flies more like a Eumenes wasp with the abdomen raised than like 
a fly. Eggs are deposited singly near “Psylla” colonies. Each 
egg is cylindrical and slightly bent on one side ; one end is slightly 
thicker anch rounded, the other end being tapering and blunt. It 
measures *7 m.m. long, '35 m.m. broad and is white in colour. The 
surface is reticulated, there being fine zig-zag lines noticeable on it 
under a high power lens. The thicker end is gummed to the sub- 
stratum and the egg lies on its concave side. 

The maggot is found to be parasitised by a small Chalcid. 
It pupates with the parasitic grubs inside its body, the adult para- 
site emerging by a hole gnawed in the pupa case. 

The Capsid bug is Campylomma livida, Eeut. (PL XX, 
fig. 13) which is a small green bug found in all its stages on 
the crumpled indigo tops or rather hidden among the crumpled 
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leaves. The nymphs move about very quickly and the adults 
too, are very active and fly away when disturbed. The bug is found 
thrusting its beak into and aimong the crumpled leaves to get at 
the young nymphs which always live hidden in such positions and 
are thus safe from other enemies. 

The spiders prey upon the ‘Tsylla” adults only. Three species 
were definitely observed to spin webs across the affected indigo 
plants. The adults were caught in the usual way on the webs. 
Probably all spiders which live in the indigo fields will be found 
to prey upon “ Psylla,” as a matter of course. 

Another black spider has been found catching and eating 
adults. It does not spin a web and mimicks the black ant, Cam- 
ponot'US compressus which attends the ‘‘Psylla”, both nymphs and 
adults. It moves about briskly on the plants in search of the prey. 
Occasionally it rests for some time on a leaflet and again begins 
to reconnoitre quickly. 
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